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: 

ABSTRACT 

A procedure for writing finite difference analogs of the 

principles of continuum mechanics is presented. The method 

leads to analogs of the Integral statements of mass and 

momentum conservation, and the first law of thermodynamics, 

which are exact under two simple discretization assumptions, 

and which Imply an exactly conservative finite difference 

equation for the total energy. The method and the equations 

which follow from It apply to general systems of continuous 

media, hydrodynamlc or otherwise. The'finite difference 

equations form the basis of a set of computer codes for the 

calculation of motion described by one and two spatial 

coordinates. The codes permit the use of arbitrary time 

dependent coordinate systems to solve specific problems. 

The APTON I code, which deals with linear, cylindrical, and 

spherical one-dlmenslonal systems, has been expanded to 

Include general stresses and strains. Some preliminary 

attempts have been made to define an optimum coordinate mesh 

to describe continuum motion, and specific problems have been 

solved by APTON I using these coordinate systems. For 

spherically diverging waves In an elastic medium, the solutions 

obtained have been more accurate than those given by numerical 

Lagranglan methods with the same number of mesh points, 

although some shock front erosion Is evident, apparently as a 

result of deficiencies In the coordinate systems employed. 

ill 
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SECTION 1.0 

THE CONSTRUCTION OF FINITE DIFFERENCE EQUATIONS 
FOR TRANSIENT CONTINUUM MOTION IN TWO SPACE DIMENSIONS 

1.1 THE AFTON CODES: GENERAL REMARKS 

The name "AFTON" Is used to denote a set of computer codes 

which are used to solve transient continuum motion problems. 

Work on these codes was begun about six years ago at the 

Lawrence Radiation Laboratory In Llvermore, California. 
However, their development has been pursued most Intensively 

In the past two or three years under Air Force Contracts 

AF29(601)-5971, "Development of a Computer Program for 

Predicting Free Field Ground Motion," and AF29(601)-6683 
(same title) as part of Project Ferris Wheel. Code modifi- 

cations which are particularly useful In the solution of 

viscous compressible fluid flow problems, were made under 

NASA Contract NAS8-11400, "Calculation of Two-Dimensional 

Turbulent Flow Fields." 

Mainly as a result of work on the contracts cited, there are 

now three AFTON codes, namely, AFTON 1, AFTON 2A, and AFTON 2P. 
AFTON 1 solves transient continuum motion problems In systems 

so symmetric as to require Just one spatial coordinate for 

their description. It Includes the three geometrically possible 

one-dlraenslonal cases, namely, linear, cylindrical and spherical 

motions. The AFTON 2P code solves transient continuum motion 

problems In plane symmetric systems whose motion Is the same 

In every plane normal to some one direction, and which can 
therefore be described In terms of two Cartesian position 

coordinates and the time. The AFTON 2A code solves problems of 

transient continuum motion In axlsymmetrlc systems. I.e., 

systems whose motion Is the same In every half-plane bounded 

by some one straight line, and which can therefore be described 



In terms of the radial and axial position coordinates of a 
cylindrical coordinate system, and the time. 

The main purpose of this report Is to provide a detailed 
description of the AFTON computer codes which have come Into 
being In the past year under Contract AF29(60l)-6683.    The 
report Is also Intended to give an account of the method of 
construction of finite difference equations for continuum 
motion on which all the AFTON codes are based.    Two-dimensional 
motion with plane symmetry Is complicated enough to afford a 
reasonably complete description of the* method, and Is at the 
same time simple enough to avoid much of the algebraic 
complexity encountered In our formulation of finite difference 
equations for more general types of motion.    The explanation 
of the finite difference method embodied In the AFTON codes, 
and the derivation of specific finite difference equations. 
Is therefore presented here chiefly for two-dimensional plane- 
symetrlc continuum motion — the case to which AFTON 2P 
specifically applies. 

1.2    FINITE DIFFERENCE MESHES AND ZONES IN AFTON 2P AND AFTON 2A 

Numerical procedures for solving the equations of continuum 
mechanics all begin by replacing the continuous variables of 
space and time by a discrete set of points.    As the density 
of Its points Is Increased, the point set more and more closely 
approximates the space-time continuum, at least In the sense 
that any plecewlse continuous function can be represented 
more and more accurately by specifying Its discrete values at 
the points of the set.    Finite difference equations are then 
written which are approximate expressions of the principles of 
continuum mechanics, and high-speed computers are programmed 
to perform the operations of arithmetic and logic required by 
the finite difference equations. 



The most basic statement of the principles of continuum 
motion consists of Integral equations for conservation of 
mass, energy and momentum, and for the First Law of thermo- 
dynamics (Ref. l), although less fundamental differential 
equations have served as a starting point for most numerical 
procedures which describe continuum motion.    The Integral 
equations take on their simplest form for a closed finite 
region whose boundary surface moves with the local velocity 
of matter, and which, therefore, always contains the same 
material particles.    This description of continuum motion Is 
termed "Lagranglan," and a sheet of material particles is 
called a Lagranglan coordinate surface.    The reason for the 
special Importance of the Lagranglan form of the continuum 
mechanical laws Is simply that Newton's Second Law, on which 
all classical mechanics rests, applies in the first Instance 
to particles of constant mass.    The statement of the principles 
of continuum motion in integral form for finite Lagranglan 
regions Is here termed "more basic" than related differential 
statements, because such a formulation places lighter 
continuity restrictions on the various possible flow fields. 

The APTON codes are based on a specific method for constructing 
finite difference approximations to the laws of continuum 
mechanics In integral (not necessarily Lagranglan) form (Refs. 2, 
3, and 4).    Broadly stated, the central ideas of the method 
are that the finite difference equations should be as self- 
consistent as possible, and also should constitute as direct 
a statement as possible of the underlying principles of 
continuum motion on finite regions.    The particular aspect of 
consistency deemed most important is /the complete and exact 
equivalence of mass conservation, energy conservation and the 
First Law of thermodynamics, when these are coupled with 
momentum conservation.    Thus, we insist that the finite 



difference equations for mass and momentum conservation, 

and the First Law, Imply an exactly conservative finite 

difference equation for total energy. Application of the 

criterion of consistency has led to finite difference 

equations with an exact energy conservation property In the 

sense Just defined; these equations have the satisfying 

property that they can each be given a precise meaning In 

elementary physical and geometric terms. 

The finite difference technique used In the APTON codes Is 

of the "tlme-marchlng" kind. That Is, the space continuum 

Is replaced by a discrete mesh of points, and, starting with 

a system In a known state at some Initial time, the variables 

of the motion are updated by a discrete time Increment at all 

points of the space mesh, according to some finite difference 

equations of motion. The updating process Is then repeated 

using the just-calculated values of the variables of the 

motion as fresh Initial value data, and so on. Owing to the 

assumed symmetry of the motion, a space mesh for APTON 2P need 

only be defined as an array of points In a single plane, the 

variables of the motion having Identical values at correspond- 

ing points of all planes parallel to this one; for AFTON 2A, 
the variables of the motion have Identical values at correspond- 

ing points on all half-planes (azlmuthal planes) bounded by 
some one straight line. As Is customary (but not necessary) 

In computer codes describing motion In two space dimensions, 

the points of an AFTON 2P or AFTON 2A finite difference mesh 

are topologlcally equivalent to the comer points of a set of 

unit squares which cover a rectangular region In one-to-one 

fashion. The mesh points are, therefore, the vertices of 

quadrilaterals which can be produced by the continuous 

distortion of a rectangular array of unit squares. The region 

of two-dimensional plane flow Is thus covered by elementary 
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quadrilaterals; these quadrilaterals are the "zones' of the 

finite difference mesh. Actually, It Is basic to the method 

of differencing which underlies the AFTON codes that real 

physical systems have finite extension In a direction normal 

to the symmetry plane In which the quadrilaterals lie. What 

appears In the plane of flow as a side of a quadrilateral 

zone actually represents the Intersection of the flow plane 

with another plane at right angles to It. Thus, In the case 

of AFTON 2P, we consider the medium to be divided Into quadri- 

lateral slabs of unit thickness, each of which can be generated 

by moving a quadrilateral zone through a unit distance normal 

to the plane of flow. A quadrilateral zone Is then Just a 

cross-section of a quadrilateral slab In a symmetry plane. 

The quadrilateral slab, which Is a solid figure. Is the basic 

geometric entity of the AFTON 2P finite difference mesh. It 

Is a polyhedron with two parallel congruent quadrilateral faces 

and four rectangular faces normal to the quadrilaterals. These 
geometric figures are shown In Figure 1. In the case of AFTON 

2A, the system Is divided Into "quadrilateral wedges", a 

quadrilateral wedge being a polyhedron bounded by two nearly 

parallel azlmuthal planes, and having a quadrilateral cross- 

section In any azlmuthal plane between these two. Figure 12 of 

Appendix I depicts this polyhedron.  (The figure appears In 

an Appendix because the discussion of two-dimensional motion In 

the text of this report Is limited almost entirely to the plane- 

symmetric case.) 

The Integral equations (Ref. 1) and associated finite difference 

equations which underlie AFTON 2P have been written In sufficient 

generality to Include non-Lagranglan as well as Lagranglan 

descriptions of continuum motion. Correspondingly, the code 

Itself contains a subroutine which defines the coordinate system 

to be used for any given problem. However, thfi  Lagranglan case 



Plane of Plow 

Quadrilateral Zone 

Quadrilateral Slab 

FIGURE 1 

DIAGRAM OP A QUADRILATERAL ZONE,   AND ITS  ASSOCIATED 

QUADRILATERAL SLAB,   USED IN AFTON 2P TO DESCRIBE 

TWO-DIMENSIONAL PLANE SYMMETRIC FLOW 
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will be discussed first,  since the finite difference technique 
as It applies to AFTON 2P is most simply explained for this 
case«    The points of the finite difference mesh are then mass 
points whose velocities provide a discrete approximation to 
the material velocity field of the continuous medium.    It Is 
also true In the Lagranglan case that a quadrilateral slab Is 
a finite mass element consisting of the same material particles 
at one time as at any other time, and a quadrilateral zone — a 
cross-section of a quadrilateral slab In a symmetry plane — Is 
defined by one specific set of co-planar particles.    Notion of 
the vertices of a quadrilateral zone therefore produces distortion 
("strain") and attendant changes In all the flow variables, for 
a finite element of material.    We now discuss the calculation 
of these changes. 

1.3    THE CALCULATION OP THKRMODYNAMIC VARIABLES IN AFTON 2P 
FOR LAGRANQIAN MESHES  (HYSRODXNAMIC NOTION) 

The variables of the motion are divided Into two classes, namely, 
those associated with the vertices of zones, and those associated 
with their centers or Interiors.    The first class consists of 
mesh point positions and their time derivatives, e.g., their 
velocities (dynamic variables), while the second class consists 
essentially of strain, stress, and Internal energy (thermo- 
dynamlc variables).    The calculation of zone-centered variables, 
which we describe first, proceeds under two assumptions which 
are fundamentally alike: 

(a) A material element which Initially occupies a 
quadrilateral slab region, always has the shape of a 
quadrilateral slab. 

(b) Zone-centered variables are constant In value 
throughout a quadrilateral slab region at any given 
time, and also change at a constant rate during any 
particular time step. 



With respect to assumption (a), we note that the particles 

Initially comprising a side of a quadrilateral zone «rill In 
general not remain co-linear; llketrlBe, the corresponding 

face of the quadrilateral slab associated with the zone usually 

will not. In physical reality, remain rectangular. Rather, 

the Initially rectangular Lagranglan surfaces of a quadri- 

lateral slab will ordinarily deform Into more general curved 

shapes. Assumption (a) therefore Imposes a nonphyslcal constraint 

on the system, which Is part of the price paid for replacing 

the space continuum by a discrete mesh of points. Obviously, 

assumption (b) entails a similar nonphyslcal restriction; real 

physical stresses and strains generally vary over finite 

distances. If the error from these sources Is unacceptable, 

then It can be reduced by Increasing the density of mesh points 

to provide a better approximation to a continuum. Moreover, 

while It Is not entirely obvious. Increasing the density of 

mesh points Is the only way to reduce this decretlzatlon error; 

a close look at the rate of decay of numerical solution error 
with Increasing mesh point density shows thrft the discretization 

error cannot be made to vanish more rapidly by permitting the 

sides of a quadrilateral zone to be more general curves than 

straight lines —• straight lines with "higher-order" corrections. 
As Is shown elsewhere (Ref. 4), the hyperbolic character of 

the equations of continuum motion makes It Impossible to Increase 

the rates of decay of numerical solution errors by means of 

higher-order differencing techniques. 

The calculation of the change In the volume of a quadrilateral 
slab produced by the motion of .the vertices of Its associated 

quadrilateral zone provides the key to the construction of the 

finite difference equations of AFTON 2P. In making the calcula- 

tion, we adopt the following definitions and conventions: 

8 
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(1) Y, r, U, A denote volume, position, material 

velocity, and vector area, respectively. 

(2) The superscripts 1 and o refer to a "later 
time" t , and an "earlier time" t0, separated by 

the Interval At - t1 - t0. 

(3) If no superscript Is attached to a variable. It 

Is understood to be defined at some time between t0 

and t . In particular, the position vector of a 

point, without a superscript, Is by definition equal 

to the arithmetic mean of the positions of the point 

at the two times t and t0. I.e., 

r-id^ + r0). (1) 

(4) Position and velocity subscripts refer to the 

mesh points labeled as In Figure 1. 

(3) The vector area Aga Is the rectangular surface 

generated by moving the side of the quadrilateral 

zone of Figure 1 between the vertices 6, a, through 

a unit distance normal to the plane of the figure. 

The sense of the vector area Afla is that of the 

Inner normal to the quadrilateral. Thus If one 
encounters point a, and then the point 8, as the 

perimeter of the quadrilateral Is traversed clock- 

wise, then 

A8a " ^B " V3* (2) 



mm 

where k Is a unit vector normal to the plane of flow. 

(6) The velocity of a point Is related to Its 
pot 

to 
position r and r0 at the tines t and t0 according 

U- (r1 - r0)/At (3) 

It can be seen that Eq. 3 Involves the kind of discretization 
error entailed In assumption (b) above; In this case the 
velocity Is taken to be constant over a finite time Interval» 
namely At. One can now show by an exact calculation of the 
volume of a quadrilateral slab that 

- (Y1 . Y0)/At - i(U2 + U^-A^ + i(U3 + U2)-A32 

or 
- (Y1 - Y0)/At - U^iCA^ + A21) + U2«i(A21 + A32) 

+ %^tA32 + M3J + ^^^43 + Al4) 

- Ui-CA^ + ^-h U2.(A2^+ A22) 

+ U3. (A32 + A^) + U^. (^ + ^ (5) 

where the underlined subscripts a, etc., refer to the midpoints 
of the sides of zone (a) as shown schematically In Figure 2. 

Equation 4 has the geometric Interpretation that the change In 
the volume of a quadrilateral slab In a time Interval At Is 
equal to the algebraic sum of the volumes swept out by the four 

10 
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rectangular faces of the slab normal to the plane of flow. 

If each face moves with a velocity equal to the arithmetic 

mean of the velocities of Its end edges. Two points should 

be emphasized here. First, this geometric representation Is 

concrete and precise; by time-averaging the positions of the 

quadrilateral zone vertices, one obtains the quadrilateral 

whose sides define the moving areas of the quadrilateral slab, 

and each of these areas moves uniformly with the average of 

the velocities of the two vertices it subtends. Secondly, 

the volume change so calculated is exact, regardless of the 

time Interval At or of the positions of the vertices of the 

quadrilateral zone at the beginning and end of this Interval. 

However, this geometric interpretation of the volume change 

is not unique. For example, the righthand side of Eq. 4 can 

be rewritten in the form shown in Eq. 5, It is then natural 

to associate half of each rectangular face of the quadri- 

lateral slab with one of the two edges of this face normal to 

the plane of flow. If each pair of half-faces meeting at such 

an edge Is allowed to move uniformly with the velocity of the 

edge, then the resulting rates at which the half-face pairs 
sweep out volume, summed over the four pairs, is exactly the 

rate of change of volume of the quadrilateral slab. 

According to assumption (b), thennodynamic variables such as 

stresses and internal energies are considered to be properties 

of quadrilateral slabs as a whole. These variables are up- 
dated for general stresses and strains by an extension of a 

standard numerical hydrodynamic procedure in which a finite 

difference analog of the First Law is satisfied simultaneously 

with the constitutive equation for a given medium (Ref. 5h* 

In the hydrodynamic case, the change in the internal energy of 

a quadrilateral slab is Just its volume change (given by Eq. 4), 

12 



multiplied by the negative of the arithmetic mean of the 

pressures In the slab at the times t and t0. If an 

equation of state Is used to eliminate the new.pressure 

(i.e., the pressure at time t ) from the finite difference 

analog of the First Law, then the fact that equations of 

state generally Involve the Internal energy renders the 

First Law analog an Implicit equation for the new Internal 

energy. In this calculation. It Is worth noting that If the 

pressure In the quadrilateral slab were Indeed uniform and 

equal to Its mean value on the time Interval At, then the 

calculation of the change In the Internal energy of the slab, 

as well as Its volume change, would be exact. Thus, under 

assumptions (a) and (b), all thermodynamlc variables are 

computed exactly. The relevant equations for hydrodynamlc 

motion are the First Law analog 

E1 - E0 - - (P + Q)(Y1 - Y0) (6) 

and the equation of state 

P1 - CKEVm, YVm) (7) 

Here 0 is some (known) function of two variables, and P, 

E, m denote the pressure, internal energy and mass of the 

quadrilateral slab, respectively, the mass being constant in 

the Lagrangian case under discussion. Also, Q is a genera- 

lization of thfe artificial viscosity of Rlchtmyer and von 

Neumann, such as that given by Noh (Ref. 6)j Q is computed 
i 

explicitly knowing Y, while P and F 

solving Eqs. 6 and 7 simultaneously. 

explicitly knowing Y, while P and E must be obtained by 

\ 
\ 
\ 
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1.4 THE CALCULATION OF THERMODYNAMIC VARIABLES IN APTON 2P 
FOR LAGRANGIAN MESHES (GENERAL STRESS AND STRAIN) 

For general plane two-dimensional motion, the procedure for 

writing an exact finite difference analog of the First Law, even 

under assumptions (a) and (b). Is not so obvious as for 

hydrodynamlc motion. In fact. It will be seen later that an 

exact analog of the First Law can be written only for triangular 

zones and not for more general polygons such as quadrilaterals. 

In obtaining our finite difference analog of the First Law for 

general stress and strain, the change in the volume of the zone, 

as given in Eq. 5* is of prime Importance. Introducing this 

expression for the volume change into Eq. 6 leads directly to 

a finite difference analog of the First Law which can be used 

for any stress, hydrodynamlc or otherwise, and which is exact 

in the hydrodynamlc case under assumptions (a) and (b). This 

combination of Eqs. 5 and 6 is      . 

V 
E1^0 = At £ Hi'Pi • (8) . 

1=1 

For hydrodynamlc motion it follows from Eqs. 5 and 6, that the 

forces P,, ..., Pj. In Eq. 8 are given by the equations 

?! = (P+Q)MA14+A21) 

= {P+Q)(A1a
+^dl)  ' etc' (9) 

To compute the change in the internal energy for general stresses 

we replace the scalar hydrodynamlc stress (P+Q) of Eq. 8 by the 

stress tensor a; a might be the sum of a thermodynamic stress 

tensor P and an artificial viscosity tensor Q, but there is no 

point here In specializing the definition of o in this way. 

Again, in accord with assumption (b), o is assumed to be constant 

during a time step throughout any particular quadrilateral slab. 

14 



tmm 

The definitions of the forces F^, . .., Ph then become 

ÜX - • (Ala + ^JX), etc.; (10) 

where the multiplication called for in Eq. 10 Is that of a 

matrix with a vector. 

As Eq. 8 is written, it does not consist of terms related in 

any self-evident Way to internal energy changes, even in the 

hydrodynamlc case. To make Eq. 8 more plausible, it Is useful 

to recall that ever, for hydrodynamlc materials, the familiar 

expression -Pi  for the rate of change for internal energy refers 

only to an overall volume change, which is not the most elementary 

process for producing an Internal energy change. The less-than- 

fundamental status of -PY as the rate of change of Internal 

energy is evident at once when one has to deal with nonhydro- 

dynamlc stresses. The stress acting on an element of area then 

depends upon the orientation of the element's normal, and changes 

in total volume can no longer be related uniquely to changes in 

Internal energy for a given stress field. Simple extensions 

(i.e., one-dimensional linear expansions and contractions) are 

more elementary and basic processes for describing Internal energy 

changes than are volume dilatations, as evidenced by the fact 

that total volume changes can be expressed 1.. erms of simple 

extensions, but not the reverse. By Interpreting the right-hand 

member of Eq. 8 in terms of one-dimensional linear displacements, 

Eq. 8 can be ..lade more reasonable than it now appears as an 

expression of the First Law - and no less plausible for general 

stresses than for hydrodynamlc media. 

As an expression for the change of internal energy, the right- 

hand member of Eq. 8 presents one obvious problem; namely, its 

terms are all defined only on the surface of a material element, 

whereas "Internal" energy is in fact a quantity associated in an 

essential way with the interior of a material region.  Changes 

in Internal energy cannot be calculated simply from the forces 
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exerted on the surface of a piece of material. They must be 

computed as a sum of changes taking place throughout the 

material's entire volume. If this were not so, we would have 

a conservation theorem for the Internal energy Itself; the 

fundamental difference between a quantity which Is conserved 

and one which Is not lies precisely In whether or not changes 

In the total amount of the quantity within a given region can 

be computed from variables defined only on the surface of the 

region. For Internal energy, the Increments of change to be 

summed throughout the region must be computed on subreglons 

small enough so that the stress In each subreglon can be taken 

with negligible error to be constant. According to assumption 

(b), a quadrilateral slab - however large - Is small enough 

so that the stress can be considered constant throughout Its 

volume. It Is for this reason that the right-hand side of 

Eq. 8, which consists only of terms defined on the surface of 

a quadrilateral slab Is an exact expression for the change of 

Internal energy, even though the calculation of an Internal 

energy change must generally be made by summation over tiny 

elements which fill the Interior of the slab. Nevertheless, 

since Internal energy changes are fundamentally volume- 

computed quantities, Eq. 8 will have to be rewritten In such 

a way that the forces appearing In It act on Interior areas, 

rather than surface areas, of a quadrilateral slab. 

To transform Eq. 8 so that It Involves only Interior areas of 

a quadrilateral slab, we Invoke an elementary geometric theorem. 

This theorem, which Is a cornerstone of the finite difference 

method embodied In the APTON codes, simply states that the sum 

of the vector areas of any polyhedral surface Is zero, where 

the sense of the vector area asBoclated with each plane face of 

the polyhedron Is understood to be that of the outer normal to 

the enclosed volume. The truth and meaning of the theorem 

can be exhibited In the following Intuitive way. Viewed from 
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any aspect at a sufficiently great dlstanoe, a polyhedron 
presents a cross-section which Is at one and the same time the 
projection of the front side of the polyhedron on a plane normal 
to the viewer's line of sight, and also of Its back side. The 
area of the cross section Is equal In magnitude to the component 
of the resultant vector area of the plane surfaces making up the 
front side of the polyhedron, and Is also the negative of the 
corresponding component of the resultant area of the faces of 
the back side. Since the faces of the front and back side make 
up the entire (closed) polyhedral surface, the sum of all the 
vector areas Is plainly zero. Th^ theorem Is not subtle and 
certainly not new, but Is so central to our differencing 
technique afi to call for more than cursory mention here. 

With respect to our discussion of the calculation of Internal 
energy changes, we can now transform Eq. 8 so that Its forces 
refer only to surfaces In the Interior of the quadrilateral 
slab. The theorem Just discussed Implies, for example, that 

—la + ^kil + ^ad + ^ea' plus the sum of the areas of the two 

plane parallel quadrilateral surfaces of the*slab. Is ze^o. 
Since the surfaces of any quadrilateral slab parallel to the 
symmetry plane have equal area but opposite sense, their vector 
sum vanishes. We therefore conclude that 

Thus Eq. 8 can be written In the form 

[V (A - a,)+ Eea -Qk- £3) 

+ .^a -(23 -sO + Z*i-(jk> "Si)]- 

E1^0 - it 

(12) 

In the rearranged form of Eq. 12, Eq. 8 can now be Interpreted 
as L.  sum of Internal energy changes produced by the simple 
extension >f material in directions normal to the forces exerted 
on specific interior surfaces of the quadrilateral slab. Each 
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of the four interior surfaces corresponding to the line segments 

aa,  2a, ^a, ad Is represented on the right-hand side of Eq. 12 

by one such term. These surfaces are "complete" In the sense 

that they exhaustively subdivide the slab into mutually exclusive 

volumes. The velocity difference appearing in a term of Eq. 12 

has a component in the direction of the force acting on the 

interior area relevant to that term. This component of the 

velocity difference measures the rate of unlaxlal spreading or 

contraction of material which, multiplied by the magnitude of 

the force, gives the rate of production of Internal energy due 

to particle displacements along the line of the force. 

While it introduces the essential feature of unlaxlal contri- 

butions to the overall Internal energy change of a zone, Eq. 12 

can, nevertheless, be shown to be quantitatively exact under 

assumptions (a) and (b) only for simple displacement fields. 

For example, if the quadrilateral slabs are rectangular, and 

displacements take place parallel to one set of faces, then 

Eq. 12 clearly gives the change in internal energy correctly 

whether the medium is hydrodynamlc or not. 

However, as noted earlier. Internal energy changes computed 

from Eq. 8 under assumptions (a) and (b) cannot generally be 

exact. This situation stems from the fact that under assump- 

tion (a) a linear displacement is required to produce the 

homogeneous strain of assumption (b). The displacement field 

must be such as to distort a quadrilateral zone of material 

from a strain-free state to the arbitrarily strained config- 

uration presented by the zone at a given Instant of time in 

the course of the numerical calculation. Hence, the constant 

coefficients of a linear coordinate transformation must be 

determined in such a way that the transformation will distort 

a given polygon into another given polygon. Now, the most 

general linear transformation relating two sets of two variables 

will, including additive constants which correspond to pure 
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translation, permit the arbitrary specification of six constants. 

This Is Just the number of parameters needed to determine the 

positions of three points In a plane. Hence, except for 

triangles, the specification of the vertex positions of a poly- 

gon In two strain states places more conditions on a linear 

displacement field than there are constant coefficients In the 

equations which define the field; the appropriate linear trans- 

formation usually will not exist. It therefore appears that 
i 

only with triangular zones can one obtain finite difference 

equations for motion In two space dimensions by applying the 

same discretization assumptions to the First Law as to each 

of the other principles of continuum motion, while at the same 

time minimizing the number of such assumptions.  In any case, 

triangular zones are necessary If our finite difference equations 

are to be exact under assumptions (a) and (b). That the general 

practice of employing quadrilateral zones has been followed so 

far with the AFTON codes Is felt to be an error which should be 

corrected In the future. We now proceed to show that for a 

triangular zone, a finite difference equation can be written 

which Is Indeed an exact statement of the First Law, given 

hypotheses (a) and (b). For simplicity, the discussion Is 

limited to Isotropie materials. 

A triangular zone and Its associated triangular slab are shown 

In Figure 3. The counterpart of Eq. 8 for the change in the 

internal energy of a triangular slab of material is 

3 
E1 - E0 = At ^ U^'^ (13) 

1=1 

where 

^1 = c ^ (Al3 + ^l)- i13 

On the other hand the change in the internal energy of a 

triangular slab of Isotropie material is given by 
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E1   -E0 rt1 

J
 t0 Y(t) 1=1 

\ ^i dxdydz dt (14) 

where E,,  Ep, E-,  are the principal extensions of the strain 
field,  P,,   Pp,  Po are principal stresses and x,  y,   z are the 
usual Cartesian coordinates;  the stress and strain axes coincide 
for an Isotropie medium. 

Under assumptions   (a)  and  (b) Eq.  14 becomes 

E1   - E0 =   - [P/EJ  - E°)/E1 +  P2(Ej   - Ef)/E2]Yät (15) 

where 

E    = ^E^ + E£),  etc. 

and Y Is the "mean-time" volume of the triangular slab. I.e., 

the volume computed from the vertex position P^ (see Eq. 1). 

Our problem Is now to show that the change In the Internal 

energy In th'e triangular slab computed according to Eq. 13 

Is Identical to that given by Eq. 15; Eq. 13 is an exact 

expression for the change in Internal energy under assumptions 

(a) and (b). For this purpose It Is necessary to recall the 

calculation of strain used In the AFTON codes. In the case of 

plane strain, the pertinent equations are Eqs. 42 through 57 

and 62 through 64 of Appendix I, except that the points labeled 

a., 0, y  of the Appendix are now understood to be the points 

2, 3, 1, respectively, of Figure 3. Without loss of generality, 

we can assume that all vectors and tensors are expressed In the 

system of the principal stress axes.  In this coordinate system 

we have 

h - EI n 

'l - E2 '=1 

C£ = Es Cg 
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(a) 

(b) 

FIGURE 3 

(a) TRIANGULAR ZONE;  (b) TRIANGULAR SLAB 
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where the * superscript refers to the triangular slab of material 

In Its unstrained state.  It then follows from Eq. 15 that 

which. In view of Eq. 3 and the definitions of Appendix I, 

can be written as 

E1  - E° =  "« (Pj;»^   - y3) + u/y3  - yj * u3(y1  - yJj 

" ""yl'lC^ " x3) + V2CX3 " xl) + V3CX1 " x2)]}    (16) 

On the other hand. In the principal axis system we find from 

Eq. 13 that 

E1
 " E0 = " Lpx(ulal + u2a2 + u3a3) 

+ PyCvlbl + V2b2 + V3b3)]At 

where a, b denote the x and y components, respectively, of the 

vector area A. Then, making use of the relations 

Li " K^21 + A13) " C^e " ^3) x &     etc- 

we deduce that 

E! - E0 = ^ (P^u^ys - y3) + n/j3 - yj + ^ - y2) 

" fyL'lC^ - x3) + v^x3-xi) + T3Cxi * x2)]}   (17) 

Thus the Internal energy Eq. 13 does In fact constitute an 

exact expression for the change In the Internal energy of a 

rectangular slab. It Is particularly satisfying that Eq. 13 

wafe originally derived to Insure conservation of energy rather 

than to express the First Law exactly under assumptions (a) 
and (b). In a later section we will discuss the energy 
conservation property of the finite difference equations. 
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1.5 THE CALCULATION OF MOMENTUM IN AFTON 2P FOR LAGRANGIAN 
MESHES 

In a finite difference scheme for solving the equations of con- 

tinuum mechanics, it is necessary not only to provide for the 

updating of thermodynamic variables, but also for the calculation 

of new mesh point positions and velocities. The method used in 

AFTON 2P to update the velocity field is similar in most respects 

to that Just described for thermodynamic fields, although it now 

expresses the physical principle of momentum conservation rather 

than the First Law of thermodynamics.  It is again the essence 

of the finite difference procedure that the finite difference 

analog of momentum conservation be exact under assumptions (a) 

and (b), by which the variables of the motion known only at a 

discrete set of points are defined throughout the space continuum. 

Since positions and velocities are associated with mesh points 

rather than zone centers, the elemental regions on which momentum 

is conserved. I.e., the momentum zones, are centered at mesh points 

The momentum zone assigned to any given mesh point is made up of 

portions of each of the four quadrilateral zones, like those of 

Figure 2, which share that mesh point as a common vertex.  In 

physical reality, the same particles of mass which experience 

strain also possess a material's momentum. To be consistent with 

this aspect of the real world, we must therefore require that the 

mass of a quadrilateral zone be assigned to each of its corner 

points in such a way that each particle of mass contributes its 

momentum to one and only one momentum zone. Moreover, if (as in 

the present case) the momentum zones are to be Lagrangian, then 

each particle must always contribute its momentum to the same 

momentum zone. 

These conditions can be met without invoking any assumptions other 

than (a) and (b). To this end, we recall the geometric fact that 

a point can always be found which, when Joined to the mid-points 

of the sides of a quadrilateral by straight lines, will divide 
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the quadrilateral Into four pieces of equal area. The corre- 

sponding quadrilateral slab Is then divided into four corner 

pieces of equal volume, each of which itself has the shape of 

a quadrilateral slab. On the assumption that the density of 

material is constant within any given quadrilateral slab 

[assumption (b)], each of the four corner pieces will contain 

exactly one quarter of the mass of the quadrilateral slab 

throughout the course of the motion. In addition, we aote 

that the four interior surfaces of a quadrilateral slab which 

divide it into its four corner sections, are plane surfaces. 

It is consistent with the fact that these interior surfaces 

bound regions of constant mass, that they be considered as 

Lagrangian surfaces, i.e., mass-point sheets. The requirement 

that these sheets of mass points always be planar represents a 

nonphysical constraint on the motions of the points . This 

constraint is Just another instance of the discretization 

error implied by assumption (a). The momentum zone of AFTON 

2P is then the eight-sided polygon shown schematically in 

Figure 4. Four lines emanating from a mesh point, such as 

point 1 of Figure 4, are sides of the four quadrilateral zones 

sharing that point as a common vertex. The midpoints of these 

four lines, and the center points of the four quadrilateral 

zones, are the vertices of the octagonal momentum zone around 

the given mesh point. 

With regard to momentum conservation, the basic geometric object 

contemplated by the numerical method is the three-dimensional 

octagonal slab generated by moving the octagonal momentum zone 

through a unit distance normal to the plane of flow. The 

octagonal slab consists of a quarter-section of each of the 

four quadrilateral slabs associated with the mesh point, and 

it therefore contains a mass of material equal to one quarter 

of the sum of the masses of these quadrilateral slabs. The 

material of the octagonal slab undergoes acceleration under 

the action of forces exerted on its eight rectangular faces 
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FIGURE  4 

SCHEMATIC  DIAGRAM OF AN  AFTON  2P SPACE MESH,   SHOWING   A 

MOMENTUM ZONE AND THE FOUR QUADRILATERAL ZONES WHOSE 

CORNER  PIECES MAKE UP  THE  MOMENTUM ZONE. 
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normal to the p3ane of flow. Each of the four quadrilateral 

slabs contributes two of these faces, which are among the four 

Interior faces dividing that slab Into quarter sections. 

According to assumption (b), such a pair of surfaces, being 

Interior to a quadrilateral slab, are acted on at all points 

by the same constant stress for an entire time step. If we 

now extend assumption (b) to the octagonal momentum slab by 

assuming a uniform momentum density (= velocity) on this region, 

then the change In the slab's momentum In a time step can be 

calculated exactly. For this purpose, let M be the momentum of 

the octagonal slab associated with the momentum zone of Figure 4, 

whose vertices. In clockwise order, are the points a, a, b, b, c, 

£, d, d.  If we let F denote force and now let subscripts refer 

to the points a, a, etc., then, retaining the definitions used 

In Eq. 4 and 5 we have 

where IP Is the stress In the zone for which A Is an Interior 

area, and the stress-area product of Eq. 18 is Just a matrix- 

vector multiplication.  (In the hydrodynamlc case, the matrix- 

vector multiplication reduces to the multiplication of a vector 

area by a scalar pressure.) Under assumptions (a) and (b), 

conservation of momentum is now expressed exactly for the 

octagonal slab of material by the equation 

(M1 - M0)/At - Pad + Faa (19) 

—bei  -bb 

+ F - + F —cb  —cc 

+ ^dc + £dd 4 

Under assumption (b), by which the momentum per unit mass of 

material is constant over octagonal momentum slab, the velocity 

of the mesh point on which the. slab is centered is related to 
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the momentum of the slab according to 

U1 = MVm (20) 

where m, the mass of the momentum region. Is equal to a quarter 

of the sum of the masses of the quadrilateral slabs associated 

with Its central mesh point; m has not been superscripted since 

mass does not change with time on a Lagranglan region. 

The foregoing explanation of the finite difference technique on 

which APTON 2P Is based Is sufficiently detailed that we have 

derived a few of the more Important finite dlffevence equations 

around which the code Is written. The only Important aspect of 

the finite difference technique which has not been discussed for 

the Lagranglan case Is Its energy conservation property. As 

mentioned earlier, the finite difference equations for mass con- 

servation (mass Is automatically conserved In a Lagranglan 

coordinate system), momentum conservation, and the First Law 

were selected In the first place to satisfy the condition that 

they Imply an exactly conservative finite difference analog of 

the Integral equation for conservation of total energy. The 

energy conservation equation will be derived In the next section 

from the equations already discussed. Although this Is a 

reversal of the steps actually taken In developing the AFTON 

codes, we are more concerned here with the numerical method 

than with the process of reasoning by which the method was 

developed from the criterion of consistency of the finite 

difference equations. 

1.6 ENERGY CONSERVATION 

That the finite difference equations for'mass and momentum 

conservation and the First Law rigorously Imply a total energy 

conservation theorem was the consideration which originally 

led to the scheme of differencing employed in the AFTON codes. 

To demonstrate this property of the finite difference equations, 
'■ 
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we first form the scalar product of Eq. 19 for momentum 

conservation, with the particle velocity U. It Is Important 

at this point to note that we actually define two velocities, 

centered differently In time. One of these Is the ratio of 

momentum to mass given In Eq. 20. This Is the primary velocity 

derived from the finite difference equations, although It does 

not explicitly enter our equations again. The other velocity 

is that appearing In Eq. 2,  and In the subsequent equations of 

section 1.3 and 1.4. However, Eq. 3 Is used to compute the 

change In the position of a mesh point over a time step rather 

than to compute the velocity U which Is centered at the "middle" 

of the time-step, i.e., the equation shows how the velocity U 

is related to the position coordinates of a mesh point, but does 

not define U. Actually, U is defined by the condition that the 

arithmetic mean of its values on two consecutive time steps be 

equal to the primary velocity, which is the ratio of momentum 

to mass. Making use of half-Integer superscripts to denote 

time at about the middle of a time-step, the equation used to 

advance the velocity U from one time-step to the next is 

U^ - 2M0/m - Uf' ■ 2U0 - U'* = 2U0 - U (21) 

Thus, the velocity from which a mesh point position change is 

computed, is found from the primary velocity for the point by a 

forward extrapolation in time. Alternatively, the primary 

velocity of a point is equal to the arithmetic means of the 

velocities used to move the point on two consecutive time- 

steps . We then find from Eq. 19 that 

u-i-Cn1 - M0>t = u-i. (P^ + P,a + F,,, + ^b + ^ 

+ Eco + Pdo + O     (22) 
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or, in view of Eq. 21 and the fact that the momentum mass 

associated with the mesh point does not change with time. 

'  - T0 = U • fp , + F   + P.  + P. , + P ,+ P 
-  v-ad  -aa  -ha  -bb  ^cb  - -cc 

+ ^dc+^JAt'      (23) 

where 

T0 = ^mU^ • U-^ 
(24) 

Is the finite difference analog of the kinetic energy for an 

octagonal slab of material associated with a mass point. To 

exhibit the fact that total energy Is conserved. It Is only 

necessary to observe that If this last equation and the Internal 

energy equation In the form of Eq. 12 are summed over the 

entire set of mesh points, then all the scalar velocity-force 

products appearing In Eq. 23 for Interior mesh points exactly 

cancel the same products In Eq. 12 for Interior zones. As 

a result, the sum of the Internal and kinetic energies for the 

entire system will change In a time step by an amount determined 

entirely by conditions at Its boundary. These boundary 

conditions will give rise to terms which, since they determine 

the overall energy change of the system, are a finite difference 

expression for the net work done on It. By the same token, since 

there Is no contribution to the overall work done on the system 

from any of Its Interior surfaces, the net rate of working of 

Interior i'orces Is zero. 

Although the simple observation made above Is sufficient to 

establish energy conservation, the conservation theorem can be 

made more complete and satisfying. Por example, while we 

have concluded that the net rate of working Interior forces Is 

zero, no expression for the rate of work on an Interior surface 

has been formulated. A truly satisfactory energy conservation 

theorem should Include an explicit expression for the total 
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energy quantity conserved In an arbitrary Interior zone, along 
with an explicit formulation of the work done on the zone In a 
time step. The fact that a momentum zone does not coincide 
with a thermodynamlc zone somewhat complicates the achievement 
of this result. However, ultimately we can and will obtain an 
equation for total energy conservation for each type of region. 

Let us first consider, as the region for which a total energy 
conservation equation must be developed, a quadrilateral slab 
(which Is the basic region of definition of thermodynamlc 
variables). We then proceed by considering a momentum zone 
to consist of four pieces, which are Just the quarters of the 
quadrilateral slabs from which (as discussed In section 1.5) 
the momentum zones were originally made up. Referring to 
Figure h  It can be seen that the surfaces of contact of the 
quadrilateral slabs. I.e., the boundary surfaces of these slabs, 
are Interior surfaces of the momentum slabs, across which there 
Is no net rate of production of kinetic energy. Thus Eq. 23 
can be written In vthe following form: 

T1 - T0 = ^[(P^ + P^ + Flä + P^) + (P^ + Py, + Plk + P^) 

where 

^dl' ^al' hi*  2cl 

are the forces acting on those quadrilateral slab half-faces 
which appear In the Interior of the momentum slab; these half- 
faces bound the pieces of the momentum slab contributed by each 
of the four surrounding quadrilateral slabsi Also, of course, 
P., Is the negative of F,., etc. Now, the mass of a momentum 
slab Is the sum of quarters of the masses o^" the four surround- 
ing quadrilateral slabs. The kinetic energy Eq. 25 can 
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therefore be written as the sum of four equations, one for each 
of the quadrilateral quarter-zones which make up the momentum 
zone. The quarter-sone contribution to the kinetic energy 
Eq. 25 from zone (a) of Figure 4 is then 

k2i/2-yJ/2 - K^-öi* - M.iad+ Sdi+ Ei.+ O"   t26' 

Similar equations hold for the changes of kinetic energy in 
the quarter sections of slabs b, c and d; these four quarter- 
zone sections together make up the momentum slab associated with 
the point 1 of Figure 4. The kinetic energy equations for the 
four quarter-zones add up to the kinetic energy equation for the 
entire momentum slab. Furthermore, one can also select the four 
quarter-zone kinetic energy equations like Eq. 26 which corre- 
spond to the sections of a given quadrilateral slab. Thus by 
adding to Eq. 26 the three quarter-zone kinetic energy equations 
which represent the contribution of zone (a) to the momentum 
slabs centered at points 2, 3, and 4 of Figure 4, we obtain the 
following equation for the change of kinetic energy of the 
entire quadrilateral slab centered at (a): 

Ta - Ta - [VCV + O + «2<?2d + 522) + Sa" feg + 533) 

+ V (Aj + 5a0 + Si" (?ad + 5aa) + V ^da + Eas) 

+ 23- C?2a + Eaj) + %■ (Jla + Saa)]" (27) 

where 

Ta ^ ma (i'tf+ 4'4 + 4%^ + ^'^ 
Since we assume a constant stress on the face of a quadrilateral 
slab, and a bisects the line TTT, we have 

?la = ?a4 = ^ ?14 (28) 
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with similar equations for the other forces. Hence, we obtain 

Ta - Ta = [<S2 
+ SJ-Esi + * 03 + U-2)-532 (29) 

- LCsa - ai)-E«d+ C23 - ^-fag+ (h - a3)-5a2 

+ 'Ji - ät)-E,a]At 

By combining this last equation with Eq. 12 we find the 

following equation for conservation of energy In the quadri- 

lateral slab of zone (a): 

CHa " Et) ' V* (30) 
where 

H° = T° + E° a   a   a 

and 

"a - KSs + Sj-Sai + i ^53 + S^-Saa 

+ i (^4 + 03)- P43 + * ("i + S*)'?« 

Equation 30 Is one of the two main statements of exact energy 

conservation Implied by our equations for mass and momentum 

conservation, and the First Law. Each of the terms appearing 

In the expression for the rate of working WQ on the quadrl- ft 

lateral slab associated with zone (a) gives the rate at which 

work Is done across one of the rectangular faces of the slab; 

the same face serves as a boundary for the adjacent slab (b), 

ana In this role the work done on the face In any given time 

Interval Is the negative of that done across It on slab (a). 
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Therefore, there Is no net work done by the forces acting In 

the Interior of the system. Of course, up to now the stresses 

acting on the slab faces have not been defined - nor Is It 

really necessary to define them. Since they act on Interior 

faces of the momentum slabs these stresses contribute nothing 

to the acceleration of mesh points; neither do they appear In 

Eq. 12 to Influence the Internal energy. However, for 

completeness, and for certain types of boundary conditions. It 

is wortH noting" that In APTON 2P the stress acting on the face 

of a quadrilateral slab Is taken to be the arithmetic mean of 

the stresses of the quadrilateral slabs In contact across a 

given face. 

The other Important statement of energy conservation Is one In 

which the region of conservation Is a momentum zone rather than 

an Internal energy zone. To find an energy conservation equation 

for this region, an expression must be developed for the change 

In Internal energy of a quarter-zone of material associated with 

a momentum slab. Just as In the previous case It was necessary 

to develop a quarter-zone kinetic energy equation. The reason 

why these quarter-zone expressions are needed Is that quarter- 

zones are the largest regions on which both the kinetic energy 

density and Internal energy density are constant. This follows 

because In the APTON code (as In most other two-dimensional 

tlme-marchlng schemes for the solution of the equations of 

continuum mechanics), the dynamic variables are mesh-polnt- 

centered while the thermodynamlc variables are zone-centered. 

To obtain the desired quarter-zone Internal energy equation we 

simply associate half of each term of Eq. 12 with each of the 

corner points whose velocity appears In the term. Thus, for 

example, for the quarter of zone (a) associated with the mesh 

point 1 we have 

El   ,0 
'al -Kl'-  at L* Cü4 " ül>Sa. + * ^l - l-W-p-aaJ    (31) 
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The Internal energy of the momentum slab associated with point 
1 Is then governed by the equation 

EJ - EJ = - At [i ru4 - u^-P^ + * fuj - y^.p ad 

+ K^ - yO'?ab+ Kye - yi)-?' bb 

(32) 

+ i : u6 - UJ.P^ f I (5i - %)-?oc 

+ K^i - y^^dc+ * Ui - ^e ddJ 

and 

H,   - Hj = W1At 

where 

(33) 

Hj = i m/uf-yf) + /maE^ + m^ + mcE° + m^J) 

and 

-wx = ^ + y6;).(p^ + P^C) + ^ + ü8).(PC2 + P2d;; 

1.7 NON-LAGRANGIAN COORDINATE SYSTEMS 

In developing the APTON codes so that they apply to arbitrary 
time-dependent coordinate systems, the key Idea has been to 
retain the Lagranglan form of the equations for actually updat- 
ing the variables of the motion. The events taking place In 
a time step are then the following: at the start of a time- 
step, a quadrilateral slab of material happens Instantaneously 
to coincide with a quadrilateral slab of space associated with 
a generalized zone. The equations of motion being essentially 
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Lagranglan, the variables of the motion are updated by a time 

step for the quadrilateral material slab; this Is a completely 

Lagranglan calculation. At this point, a new generalized 

coordinate mesh Is laid down. Since Its zones will In most 

cases overlap two or more Lagranglan zones, a non-Lagranglan 

coordinate system now presents the additional problem of 

distributing the updated variables of the motion, such ai mass 

or Internal energy, among the various generalized zones over 

which a given Lagranglan zone Is spread. The distribution of 

the material of a Lagranglan zone over other regions can be 

effected In many ways without negating the conservation 

properties of the finite difference equations of motion. The 

reason for this Is that the material which moves from one 

region Into another need,only be accounted for In the finite 

difference equations In such a way that the material lost by 

the one region appears precisely as a gain to the other. 

Estimates of the flow of mass, for example, can be physically 

unreasonable and still be treated conservatively by Insuring 

that the mass which leaves each and every zone enters neighbor- 

ing zones. 

A simple and reasonable procedure for updating the variables of 

the motion In a generalized zone would be to adhere strictly 

to assumptions (a) and (b) of section 1.3.  In fact, taken with 

the Lagranglan calculations described earlier, this Is the most 

consistent method of distribution of the properties of a 

Lagranglan zone among the generalized zones which It overlaps. 

It would, however, require a rather lengthy calculation of the 

volumes of polyhedral solids. To avoid such computation, a 

simpler method has been used In the AFTON codes to account for 

the transport of material from one zone to another. We assign 

to each coordinate surface of a quadrilateral slab normal to 

the plane of flow a material velocity (U - S) relative to the 

surface (S will be used in general to denote the velocity of 

a coordinate surface or of a mesh point). The scalar product 

35 



of (U - S) with the vector area of the relevant surface of the 

quadrilateral slab then gives the rate at which material volume 

crosses the surface, e.g., cirr/sec. Multiplying this rate by 

At we obtain an estimate of the volume of material which flows 

across the surface during a time-step. Then, by estimating the 

density. I.e., the amount per unit volume, of any particular 

material property, and performing a further multiplication by 

this density, the total amount of the property which flows 

across the surface In a time step Is determined. By summing 

the quantities so somputed over all the faces of a polyhedral 

region the net change of that material property In a time step 

Is found for the region. In the case of mass conservation, the 

equation embodying this procedure In APTON 2P Is as follows: 

m 1 = m0 - At [(pWA)12 + fpWA)23 + (pWA)34 + (pWA)4l] (34) 

where 

(pWA)12 = P^-^* ^12 

and (pWALo, (pWA)^* (pWA)4l are computed In a similar manner. 
p12 ls the dens:1-ty o*" material flowing across the surface whose 

area Is ±21   (See Appendix I, Eq. 8l). 

The flow of Internal energy, momentum, etc., from one polygonal 

slab to another. Is calculated In analogous fashion. 
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SECTION 2.0 

THE CALCULATION OP GENERAL ONE-DIMENSIONAL 
STRESSES AND STRAINS IN AN ARBITRARY TIME-DEPENDENT 

COORDINATE SYSTEM AND THE PROPERTIES OP SOME 
TIME-DEPENDENT MESHES 

With regard to the use of numerical methods tc predict one- 

dimenslonal continuum motion the main results achieved In the 

program have been of two kinds. Plrst, the APTON 1 code (Ref. 3) 

has been expanded to handle general stresses and strains for the 

three cases of one-dimensional motion (linear, cylindrical and 

spherical). Previously, only hydrodynamlc motion could be 

described by the code. Again, the code permits the use of 

virtually any time-dependent coordinate mesh In which to describe 

motion and as In all the APTON codes, the underlying finite 

difference equations satisfy exact conservation theorems for 

mass, momentum, and energy. Secondly, progress has been made 

In defining an optimum time-dependent coordinate system for 

the numerical description of continuum motion. With the 

generalized coordinate system definitions adopted in the 

program, APTON 1 has been used to solve some specific problems 

of spherical motion which have also been computed by numerical 

Lagrangian methods. Although the time-dependent coordinate 

systems employed have some deficiencies which are now obvious, 

the results thus far obtained provide evidence that the accuracy 

of numerical solutions can be significantly Improved by properly 

distributing a given set of mesh points at each Instant of time. 

The calculation of strains in non-Lagrangian finite difference 

meshes is carried out by a method similar in spirit to that 

suggested in the Final Report (Ref, 3) on the first year's work, 

although it is quite different in detail. 

Strain is basically a property of individual mass elements and 

its evaluation is therefore most naturally carried out in a 
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Lagranglan coordinate system. This state of affairs Is 

reflected In our procedure for the calculation of strain-even 

in an arbitrary time dependent coordinate system, changes In 

strain are determined only by material motion. In a calculation 

made explicitly for regions of fixed finite mass. In fact, 

the search for a satisfactory procedure for updating the 

strain variables In a generalized coordinate zone has led us 

to divorce completely the principles of motion from the 

calculation of transport. The laws of motion apply In their 

most basic and elementary form to elements of fixed mass. Just 

as does the definition of strain; transport results from the 

essentially arbitrary choice of a coordinate system by an 

observer to help him describe the motion he observes. Specif- 

ically, APTON 1 now updates the variables of the motion by a 

time step in two distinct and sequential calculations. First, 

the elements of mass which happen to be contained within the 

boundaries of a zone at some "earlier time" are moved to some 

"later time" positions according to Newton's Second Law, which 

as stated is basically Lagranglan. When this Lagranglan 

calculation has been completed, the finite difference mesh 

selected by the problem solver is overlaid on the updated 

Lagranglan mesh, and the contents of each generalized zone are 

examined for the purpose of defining the updated variables of 

the motion in these zones. Thus, for example, if the density 

in each Lagranglan zone is assumed constant, then the mass 

encompassed by the boundaries of any given generalized zone can 

be found at the later time from the densities resulting from the 

Lagranglan calculation. It is likewise possible, in the one- 

dimensional cases, to compute unambiguously and exactly the mean 

principal strains of each generalized zone, knowing the strains 

in the Lagranglan zones at the earlier and later times. The 

corresponding calculation is not unambiguous in two and three 

space dimensions. 
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With regard to strain, the procedure Just outlined for spherical 

symmetry Is Illustrated more fully by Figures 5a and 5b, 

Figure 5« shows a portion of the finite mesh at an "earlier time" 

t " . Figure 5b shows the same four zones at a later time tn. 

In Figure 5b the dashed lines Indicate the later time positions 

of those particles which happen to coincide with the various 

zone boundaries at the earlier time tn  (Figure 5a ); 

the solid lines indicate the later-time positions of the 

generalized zone boundaries themselves. The numerical calcula- 

tion then proceeds as follows. The positions of the mesh points 

which coincide with zone boundaries at t " are updated to their 

new values according to Eq. 35» 

rn xr   = T}'1 + U?"2A     t (35) 

rn where    XL    is  the new position of the Jth mass element boundary; 
n-1    ^ 

XJ 
rn-? its previous posltionj U. 2 its velocity, and & 2t the 'J 

n-2< 

rn-h current time step. The new specific volume V4~f, and the 

dilatation A? f can now be found from Eqs. 36 and 37. 
J "2 

v1?-! = 
J-2 

[xj-ip . (x-f /3m j   i 
J ~2 

(36) 

where m1}'} is  the mass between the  zone boundaries J  and J-l. 
J-2 

AH = A^-y2 + fv1?-? - v^-y2] /v 
J-2 JS (    J-2 J-^       /        C 

(37) 

To find the radial strain e£       in zone "BM of Figure 5b we note that 

the positions  of the boundaries of the Lagrangian mass  element 

are known at both the earlier and later times along with the 
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(a) time t0"1 

J+2 

J+l 

J 
J-l 

J-2 

(b) time tn 

Figure 5 

SCHEMATIC OF A PORTION OF A FINITE DIFFERENCE 

MESH FOR ONE-DIMENSIONAL SPHERICAL MOTION 

(a) Positions of the zone boundaries at t11"1. 

(b) Dashed lines Indicate the positions at tn of those 
particles which happen to coincide with the various 
zone boundaries at the earlier time t11"1; the solid 
lines Indicate the generalized zone boundaries at tn, 

i+0 



State of strain of the element at the earlier time. The 

principal radial strain of zone  "B" at the later time Is then 

given by 
yn-2 _ yn-s 

,n     n-1 ,       "  Lj 

LJ  1      J "2            -J " i: I     Y "    "'- M 3-t                    I      ' XJ " xj-i 

1 + ''T-l\ lh   lil1 An4* (38) 

Equation 38 gives exactly the mean strain of the element at time 

t11, if the values of the variables on the right hand side of 

the equation are exact. Since the line of mass points between 

the boundaries of a generalized zone consists of segments which 

fall In a set of contiguous mass elements, the unstrained, 

length of each segment, and hence of the entire line, can be 

readily computed. The mean principal radial extension cf the 

material in that generalized zone Is then Just the radial 

distance across the zone divided by the unstrained length of 

the radial line of mass points between its boundaries. The 

principal radial strain Is Just this ratio minus one. For 

example, the zone "D" of Figure Sb has its boundaries at the 

radial positions X^?, X1?, and consists of part or all of the 

three Lagranglan zones bounded by the radial positions 

xJ1  ,X? ^J1  , and X?  . The three Lagranglan zones In 
J+l  J  J-l     J-2 

question are "A," "B," and "C" of Figure 5b. If l£ is the length of 
8 

any radial mass line contained within zone "A" at time n, then 

Its unstrained length Is Just equal to L / a 1 + G I1   j,  where 

GI
1
 Is  the principal radial strain In zone "A" at time n.    In 

'\ n particular the mass-line segment between XT        and X.  ,,  which 
^J-l «J"1 

is that portion of zone A's radial mass  line contained within 

zone  "D," must have an unstrained length equal to 

X?        - X? ,  / 1 + Gn  .    Making a similar computation for 
1   LJ-1 J"1/    I al 

hi 
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zone  "Bj1 which lies entirely within zone "D"   and for zone "C " 

which lies partially In zone ,,B,"we find that the radial mass 

line  contained within zone  "D"  has an unstrained length given 

by 

X?        '- X" XT, - X?4  ,       X
1] - X? 

D T      .        n 1     L       n T      .        n 

1 +  eA 1 +  €B 1  +  eC 

The principal radial  strain of zone "D"  Is  therefore given by 

eD Tn 
v     ' 

LD 

It Is assumed for simplicity that each Lagranglan zone Is homo- 
• n geneously strained^ and In this case the value of   eD   Just computed 

Is exact for the mean principal radial  strain of zone  "D"  at 

time  tn.     If a more complicated strain distribution Is assumed 

In the Interiors of the Lagranglan zones,   then,  while a calcu- 

lation of the principal radial strain In a generalized zone 

proceeds In steps Identical to those Just  taken,   the algebraic 

form of the result will be more Involved. 

The  treatment of strain  Just  iescrlbed for non-Lagranglan coordi- 

nate  systems has been Incorporated Into one-dimensional computer 

codes and tested In some non-Lagranglan time  dependent coordinate 

systems.     The principal non-Lagranglan coordinate systems Investi- 

gated so far are an "accordion"  coordinate  system,   and an "activity" 

coordinate system.    In the accordion coordinate  system the space 

between the boundaries of a material at any given time  Is divided 

Into zones of equal width.     The activity coordinate system uses 

a measure of local activity,   y ,   to determine the relative thick- 

nesses of the  zones contained within the boundaries of a given 

material.     In the activity coordinate system,   the greater the 

activity quantity y .,   for a zone,   the thinner that zone is made. 

Two measures of activity have bean used so  far.     They are given 

by, 
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Y^ Pj.! - yd  ^lui- Vil  +IVi -^1, 
(39) 

4!AU 
I     i max 

and 

Yj = 'Aj-i:  I 2,AJ    I   Vi 
4 A max 

(^0) 

+ a 

Here, |ui " ui i  ls the magnitude of the velocity difference 

across the Jth zone at time tn,and A.^ the magnitude of the 

mean of the accelerations experienced by the Jth zone boundary 

at time tn~ and tn.  The width of a zone Is then made Inversely 

proportional to Its activity.  The parameter cu which appears 

In both definitions of y,,   Is an Input quantity which may be 

used to control the ratio between the maximum to minimum zone 

size In any given problem.  The ratio Ymax to Ymin 
ls given by 

W^m - <•+ ^ - k +1 (41) 
< 

where k = l/a-     Thus,   for example.   If k = 3,   the  ratio of the 
maximum to minimum zone width Is 4. 

To  test  the validity of  the finite difference  equations used to 
calculate  strain In a generalized time-dependent coordinate  system 
and to gain some Insight Into the proper choice of an activity 
quantity,   w   calculations have been made for a  shock running 
outward from a spherical  cavity Into an elastic medium with 
Lame'   constants X = 1, U  = 0  (the hydrodynamic  limit)  and with 
\= u =  1/3.     The code runs were made using a Lagranglan coordi- 
nate  system and a  time-dependent coordinate  system which Is 
Intended to cluster zones  In regions of maximum activity,   as 
described above.     The  spherical compression wave  In the elastic 
medium Is generated by the  uniform adlabatlc  expansion of a gas 

I 
In the spherical cavity.  This problem was chosen because It has 
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an exact analytical solution for the radial velocity as a 

function of time.  Lt. PL. Cooper of the Air Force Weapons 

Laboratory has provided a corvenlent form of this exact 

solution. 

Figures 6 and 7 compare the results of three different code 

runs with the exact analytical solution for the hydrodynamlc 

case.  In these figures the radial velocity Is plotted as a 

function of a radial coordinate for a given time T.  Of these 

three code runs, two used Lagranglan coordinates.  The first. 

Problem I, had a fixed number of zones per unit radial distance. 

In the second Lagranglan run. Problem II, twice as many zones 

were used per unit radial distance as in Problem I.  The third. 

Problem III, employed a generalized coordinate system whose 

activity quantity, y.,   is given by Eq, (40). The initial 

coordinate mesh In Problem III was identical to that of Problem 

I. 

It is clear from these figures that, in the hydrodynamlc case, 

accurate numerical solutions can be obtained in both types of 

coordinate system.  Only in the immediate vicinity of a  shock 

front do sizable percentage errors in the velocity appear. 

These errors take the form of a diffusion or spreading out of 

the ideally discontinuous velocity which is unavoidable in a 

discrete mesh and, perhaps more importantly, are evidenced by 

oscillations In the velocity about the correct values.  Such 

differences as are evident indicate that the time-dependent 

coordinate system leads to more accurate results than a Lagranglan 

coordinate system with the same number of zones and produces 

smaller errors even than a Lagranglan problem with twice the 

number of zones.  Mainly, this reflects the smoothing of tne 

oscillations behind the shock front by the backward treatment 

of transport in the code.  However, since the particle velocity 

of the shock front is itself small relative to the peak velocity 

of compressed material found at the cavity wall, the errorr in 

velocity appear in all cases to be insignificant for hydrodynamlc 

motion. 
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Analytical Solution 

• Problem I 

x Problem II 

o Problem III 

3        4        5 

Radial Position Coordinate 

Figure 6 

COMPARISONS OF THE NUMERICAL AND ANALYTICAL SOLUTIONS 

OF A SPHERICALLY DIVERGING COMPRESSION WAVE IN AN 

ELASTIC MEDIUM WHOSE LAME* CONSTANTS ARE 

^= 1,^  o (Hydrodynamlc Limit) 
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Figure 7 

DETAIL OF SOLUTIONS AT THE SHOCK FRONT OF A 

SPHERICALLY DIVERGING COMPRESSION WAVE IN AN 

ELASTIC MEDIUM WHOSE LAME* CONSTANTS ARE 

X- IfM  o (Hydrodynamlc Limit) 
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In the case of X = u « 1/3, where hoop stresses are comparable 

to pressures, the situation is different. The velocity at the 

shock front is the same as in the hydrodynamic case but is now 

the largest velocity to be found in the shocked material. 

Errors significant compared to this velocity no longer appear 

negligible. In fact, the whole scale of significant velocities 

is reduced by at least an order of magnitude, and this case 

therefore provides a more stringent test of the numerical calcu- 

lational procedure. The results are shown in Figures 8, 9,  and 
10 where the numerical solution is again compared to the exact 

analytical solution at a given time T. Except for the Lame' 

constants, these problems are identical to Problems I, II, and 

III. Once more. Figure 8 shows the Lagrangian result with the 

zoning of Problem I. Figure 9 shows the Lagrangian results 

with the zoning of Problem II, and Figure 10 shows the results 

obtained using a time-dependent coordinate system in which the 

initial coordinate mesh was identical to that of Problem I. 

In the case of equal Lame1 constants, the Lagrangian solutions 

are accurate only in a time- or space-averaged sense. At a 

single time, zone by zone oscillations appear in velocity, radial 

stresses, etc., which can constitute errors of 30 percent or 

more at specific mesh points. (See Figure 8.) It was found 

that these errors decrease as the mesh is refined (Figure 9), 

although at a somewhat less rapid rate than was expected (Ref. 3)* 

For  the equations of Von Neumann and Rlchtmyer (Ref. 7), these 

oscillations represent a basic limitation on the accuracy of 

solutions to problems of this kind.  On the whole, the results 

obtained with the generalized coordinate system were significantly 

better than the results shown in Figures 8 or 9,  although the 

shock front itself was considerably eroded. This erosion is due 

to a combination of two effects: diffusion of mass and momentum 

arising from backward differencing, and the failure of the co- 

ordinate mesh to provide fine zoning at the shock front. This 

result is shown in Figure 11 where Y- is superimposed over the 

exact solution. 
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Figure   8 

COMPARISONS OF THE NUMERICAL AND ANALYTICAL SOLUTIONS 

OF A SPHERICALLY DIVERGING COMPRESSION WAVE  IN AN 

ELASTIC MEDIUM WHOSE LAME*   CONSTANTS ARE 
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Numerical Solution 
(Problem II,  Lagrangian) 

Figure   9 

COMPARISONS OF THE NUMERICAL AND ANALYTICAL  SOLUTIONS 

OF A   SPHERICALLY DIVERGING COMPRESSION  WAVE   IN  AN 

ELASTIC MEDIUM WHOSE LAME*   CONSTANTS ARE 

X   = u 1/3 
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Figure 10 

COMPARISON OF THE NUMERICAL SOLUTION USING A TIME-DEPENDENT 

COORDINATE SYSTEM WITH THE ANALYTICAL SOLUTION OF A 

SPHERICALLY DIVERGING COMPRESSION WAVE  IN AN ELASTIC 

MEDIUM WHOSE LAME'   CONSTANTS ARE      ^=    1/3 
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ACTIVITY QUANTITY,  JTj ,  OF PROBLEM III OVERLAID ON THE 

ANALYTICAL SOLUTION 
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The two definitions of activity led to essentially Identical 

results In the case of spherically outgoing elastic compression 

waves, and both suffer from the defect that they Imply relatively 

little activity at the peak of a compression pulse, where fine 

zoning is desired. Nevertheless, it appears that the effort made 

in AFTON 1 to achieve great flexibility in the choice of a coordi- 

nate system will in fact lead to the economical solution of 

continuum motion problems originally intended. As a result of 

the work done to date, some specific ways of improving on the 

coordinate system definitions used in this program are now evident, 

and the resulting coordinate system definitions appear capable of 

relatively simple extension to two-dimensional motion where the 

potential economies of solution are substantially greater than 

In one space dimension.  To obtain the maximum possible accuracy 

of numerical solutions by an optimum distribution of mesh points, 

further studies of activity definitions and coordinate systems 

should be made. 
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' 

APPENDIX I 

INTERIOR AND BOUNDARY 

EQUATIONS FOR AFTON 2A 
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NOTATION 

En $  E0, E. Principal extensions 

«S Internal energy of zone "a" at time tn 

E Cm Energy of material transported across 
zone boundary " ^m" 

Force on the quarter zone wedge face area 

P11 

Xn 

Vector force associated with vertex 
point (1) of zone "a" at time tn 

Energy of the total system at time t n 

Total energy of zone "a" at time t n 

iS 
m. 

TV! n 

m 
.n 
a 

u?"* 

W 

n 

mi 

Vector momentum of mesh point "1" 
at time tn 

Momentum mass associated with mesh 
point "1" 

Momentum of the total system at time t 

Mass of zone "a" at time tn 

Diagonal element of the artificial 
viscosity tensor 

Vector velocity of mesh point "I" at time 

tn~2 having components u and v In the 
radial and axial directions respectively 

Rate of work on the total system 

Rate of work on face "m£" 

'S Specific volume of zone "a" at time t .n 

Radial position coordinate at time t n 

n Axial position coordinate at time t n 
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Stress tensor defined In the coordinate 
system of the principal strains; its 
components are 

0 

0 

0 

P. 

0 

0 

P.. 

Stress tensor defined In the external 
coordinate system; Its components are 

11 P12 0 

21 P22 0 

0 0 P. 

Rotation matrix; its components are 

yi 
Xzl 0 

y2 Xz2 0 

0 0 1 

\ 

Ay- u 

3 
Principal strain direction; radial 
component \ -, axial component X - 

lzl| 

Az- |Xz2| 
Principal strain direction; radial 
component X -, axial component X22 

Ln'h 

Volume dilatation 

Time step used to advance the variables 

from t11'1 to tn 
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c   .  e   ,   e 
y'    z'    x 

n 
a M 

Principal Strains 

Compression of zone "a" at time t n 

Excess compression of zone "a" at time t 

Density of material transported across 
zone boundary "jLm" 

Density of zone "a" at time tn 

n 

a Volume of zone "a" at time t .n 

Constants 

Cq 

a, h. A,  B 
a* S' V E8 

Lame1 constants 

Input constant to control the number of 
zones over which shocks are spread 

Tlllotson Equation of State constants 
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Figure 12 

SCHEMATIC OF A QUADRILATERAL WEDGE 
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Figure 14 
SCHEMATIC OP THE POINTS AND SIDES OP THE PCUR 

QUADRILATERAL ZONES  (a,  b,   c,   d). 

The labeling of this figure Is consistent with the notation 
used In the equations of Appendix Z« which describe the cal- 
culations for Interior and boundary zones both. 
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Strain Calculation 

Let a quadrilateral zone be divided into two triangles by a 
diagonal connecting two of its vertices a,   ß.    Let a,  ß,  Y be a 
clockwise ordering of the vertices of one of the triangles.    Also 
let ra be the position vector of the point a, etc. for the unstrained 
quadrilateral and r^,  etc, the corresponding vectors for the 
strained quadrilateral. 

5a ya - y^ 

^ ^a = ya - yy 

^a = za " ZY 
ji - «i - «; 

= yß  " yY 

- n - y; 

= zß -  ZY 

= zj - z- 

- 5aCß - 5ßCa 

a22 - (Mi - V»)/A 

a23 « -(«iU " ?aH)/A 

a32 - (^^i " ^)/A 

a33 - -(?eci " V|>A 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

Repeat Eqs. 42 through 54 for each of the four triangles into 

which the quadrilateral can be divided by its two diagonals ; 

compute app*etc»*as the arithmetic mean of the four values of 

a««, etc. so generated. Then calculate: 
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-    2      -     2 
t22      = a22    + a32 

'23 

'33 

e22a23 + a32a33 

a232 + 5332 

(55) 

(56) 

(57) 

If      t 23 
0, set 

1*22'  lf t 

t33,  If t 
22 > ^3 

22 < t33 
(58) 

ft33, if t22 > ^3 

t22. If t22 < t33 
(59) 

^y 

i 
0 

■\0 

(60) 

If 

^ 

'23 

B, 

B. 

0 
1 

^    0, compute 

i- C(tp2 + t^)±C(t09-  t„)2 + 4t    2]*) 22'   1'33' '33 

X* 

"   (V/0/CElE2) 

(61) 

(62) 

(63) 

(64) 

(65) 
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t23
2 + (^2 " X* D2]-* 

"23 

0 

(66) 

Of the four unit vectors A± and their negatives choose as the 

strain axes the two having the largest positive y and z components 

respectively. These are called A and A . 

,n 

n 

El- 1 

E2. 1 

E3.I 

Tl11 - 1 

(67) 

(68) 

(69) 

(70) 

(71) 

(72) 
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For simplicity, the transport calculation defined by Eqs.T^ through 
82       refers to a mesh of Eulerlan rectangular zones.    The general 
case requires the additional calculation of the relevant Interior 
vector areas for momentum transport, and the Inclusion of the 
mesh point motion In the definition of transport reJoclty. 

By definition, for any variable f  (scalar, vector,  or tensor),  let 

Hf11"1 + fn) (73) 

Then compute 
H - V 

0       / 

(74) 

'a.t ■ i».+ fy) 

0,1 - '0,,+ "a». 

Ih - 
-   v 
zm\ 

^m - h 
0 1 

(75) 

(76) 

where the point m follows the point Ji as the perimeter of a zone 
Is traversed clockwise. 

Si^ - its?"*+ sS"*) 

$3     = ^(^ + ^) 

(77) 

(78) 
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(pWA)12 - P^WJ-^ '0.21 (79) 

.4 
(pWA jgo ■ ^23-23  * «'32 (80) 

where, depending on the smoothness of the density field In the 
n neighborhood of the zone at time t , either 

h2    - ifä"1 + -r1) - yg-OviV'^1/®- *d (8i) 

or 

"12 
«g-1, if ^ •gLia)<o 

(82) 

An analogous computation Is made for  p2, 

vn       Y*^ •       Y® (83) 

m11 » m11"1 - An-*t 

+ (PWA)41 

(PWA)12 +  (*fA)23 +  (pWA)34 

(84) 

pn . mnAn 
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Stress Calculation 

(**' Ä.) 

0 

0 

y -z 

o 
p. 

0 

0 

=    R    P    R tr 

(86) 

(87) 

(88) 

Vfliere the components P , P , P      of P are given by 

Py      --(XA + 2ucy) 

Pz      - -(XA + 2U€  ) 

Px     = -(^A + ^e^ 

(89) 

(90) 

(91) 

for an elastic medium» or P„ = Pw = Pv - P If the material can y       z        x 
be described hydrodynamlcally.    One such hydrodynamlc description 
for TUEP Is the Tlllotson (Ref. 8) Equation of State: 

[a + b/g] [E^/V11^ i^n + BH112 (92) 

or 

when V/V0 < 1 for all En > 0 

VA0 < Vs for all En < Eg 

P       = aEn^ + [(bE11^ + Aun exp(ßMn/nn)lexpl'-a(Mn/T1
n)2J     (93) 
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when 

and 

1 < vA0 < Vs for En > Es 

VAC > Vs for all E
n > 0 

Here 

g 
E^TI o 

n5 + 1 

Then 11   '12 
?a " Ra|,aRar " I ?12 r22 

0 

(94) 

Pll - XylPy + XzlPz (95) 

P12 " XylXy2Py + XzlXz2P2 (96) 

P22 " Xy2Py + Xz2Pz 

and 

.n-i 
q 0 0 

0 q 0 

0        0       q 

pqjj    - Pn + Qn-i 

(97) 

(98) 

CqP^CyJ.y^CzJ-zJ)2]     f yn     Y'1"^ 

An-it yn-i 

T2 

(99) 

(100) 
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'J.l 
yJzl    ylzJ   ' 1,1 - 1.2,3.* 

01 a. i 
6 

/ 5i-i&i-i+ ^i) - ?'i+i(yi+ yi+i)+ Vi,i+ Vi+^ioi) 

-yi-i ^i-i+ h)+ h+ifti+ yi+i) 

l   o/       \ 
For non-Eulerlan coordinate systems, 

1*1 

Yn is calculated as a 

Y11 . Y«-1 +    Y    An-£ 

/ 

a       a a 

(102) 

(103) 

Define 

y, «■[(? y>i + y^yp ■*■ y' D/3 

(yg - yd)zi ^ ^d ~ yi^z2 

(ya - yi) 

(104) 

(105) 

Similar definitions hoi« for the points 2, 3,  and a of Figure 13 

*i - (y? - y2)(^ - »ö     '»«■ i-1 

An analogous definition holds for 1=2,3,4. 

(106) 
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hi 

I *ii(a-ly 

P512(0.ly 

\ 1 
(107) 

(pWAE)12 = (PWA)12 E12 (108) 

where, depending on the smoothness of the energy field In the 
neighborhood of a zone at time tn, either 

Ei2 - K^-1 * "S"1) - (wj-4 -^y-h ^-vc«; - zj) dog) 

or 

'12 
E^-1, if (w?-^ .a21) > o 21 

E^"1, if (wj^ .a21) < 

Et =  (PWAE)12 + (pWAE)23 + (PWAE)34 + (pWAE)4l 

,        4 
Ea ' Ea"1 ' L     t  CEt + S ^l^l3 

1^1 

(no) 

(HI) 

(112) 

5? 

6al 

6a2 

Mj-1 + tP'h(Pal  + Fbl + Pcl + Pdl) (113) 

(114) 

(115) 
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ml     ■ Kdaima + SA + ^^c + 6dlmd) 

TlH+t * = (aq/mj - yj-^ 

H 

n 

^ + B»a 

all zones 

1=1    -1 i^l 

(116) 

(117) 

(118) 

(119) 

Let PmlL   be the given (input) stress tensor acting on the face 
ml  .    Then 

ra 
5JU " "Pmt "^m/ 

-ml " "Pmi    -mi 

ml       -m       -mi 
M i. .n-2 

-m£ 

(120) 

(121) 

(122) 

(123) 

?        = ^^mi    + %i   ) (124) 

where the summations are taken over all boundary faces ml . 

TV 
n 

■I •? (125) 

where the summation is taken over all mesh points p 

qz qz 
(126) 

where the summation is taken over all quarter zones qz 
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V 
.? = ? +    0 

0 

^-irT1 -*ir*t 

(127) 

(128) 

(129) 
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At the axis of symmetry (z-axls) J » l): 

U - Qf)y  - 0 (130)- 

If point 2 of Figure 4 Is a point on the axis of symmetry then, 

&§), -  <&\ +  &.8 + ?d2)z 4n"4t (132) 

m2 - i(»a + "a) USS) 

»■^-^^l-Vr* (134) 

At the boundary logically parallel to the axis of symmetry 
(J - JMAX): 

u " (??% " 0 (135) 

If point 6 of Figure 4 Is a point of the JMAX boundary,then 
( F75 +    £55)2    Is assumed to be given.    If ( F^ +   -65^z = 0* 
the boundary condition Is one of "free sliding."    Next, 

676 + 6?65)y " -  (?o6 + ?b6)y (136) 

Now both components of  (^Fyg +   Pgc) are Icnown. 

(S6)z - ^76 + ^6 + he + 6?65>. ^"^ + fä^X   ^) 
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v-Sß* ■ [z«*)^] - »r* (i39) 

The resultant applied force (jP.75 + Pgc) contributes an amount 

Pe^'^-Te + 6-65)  t0 the overa11 rate of work W11'^ on the entire 
system. It also contributes (/P7g + ^G*^^'      to the to^al 

Impulse delivered to the system in time S^'t, 

Boundary (K-l) with velocity prescribed (i.e., if point 8 of 

Figure 4 is a point of the K=l boundary, then Ug1"5 is given 

for all n). 

»8      - iC-d + mc) {m) 

«8      - HC?8+i + Sg'*) (l4l) 

8-p87 + 8?9e - (?8 - «g-1)/*"-^ - (*i8 * f0a)       (lte) 

8     8 
The resultant applied force Pg7 + PQQ contributes an amount 

yg~'2.(°Pg + p^ to the overall rate of work W11"5 on the entire 

system. In the time-step An"H, it also contributes (/FQ7 + SgfU^'^t 

to the Impulse delivered to the entire system. 

Top boundary (K « KMAX) with velocity prescribed (i.e., if point 4 

of Figure 5 is a point of the KMAX boundary, then yjj  is given 

for all n) 

ra4   - iC^b 
+ ma) (l43) 

\3   + %H - ÖS - üT1)/^ - <?b4 + ?Bh) (145) 
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m 

4    k 
The resultant applied force F^- + F^u  contributes an amount 

PiJ  * Cfin + ?54) t0 the overall rate of work Wn"^ on the 
entire system. In the time-step An~*t, it also contributes 

?43 + ?54^A  t to the Impulse delivered to the entire system. 

Sc ithwest comer (j«l, k^l) with velocity prescribed(1.e., If 

point 9 of Figure 5 Is the southwest comer point then jÄ  Is 

given for all n, and U^4** - (kj) - 0). 

m9   = imd (146) 

9?98 - (f9 - g1)/^  - Fd9 •      (147) 

Northwest comer (J»l, IO»KMAX) with velocity prescribed  (i.e., If 
point 3 of Figure 5 Is the northwest comer point, then u»t* Is 
given for all n, and u2+* = Qh^y = 0)' 

m3       = ima (148) 

\3   - Ö?3 - ^y^t - *a3 (1^9) 

Northeast comer (J=JNAX, k-KMAX) with velocity prescribed (i.e.. 

If point 5 of Figure 5 Is the northeast comer point, then U? ^ Is 

given for all n, and U^ - (^)y =0). 

«»5   = fyj (150) 

5*54 + 5?65 - 6? " ST1)/*"-** - ?65 (151) 
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Southeast comer (J-JMAX, 10=1) with velocity prescribed (i.e..  If 
point 7 of Figure 5 Is the southeast corner point, then ul} ? Is 
given for all n, and U^"^ = ($)   - 0). 

n^       = imc (152) 

7?76    +?87=  (?? - M?->n4t - Pc7 (153) 
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APPENDIX II 

INTERFACE EQUATIONS 

FOR AFTON 2A 
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k+1 

J-: 

^v 5 
• s 

• N 
• S 

• \ 
y \ 

• \ 

A,''     2". 

_J^  .___i__. 
[F .__V_T 

/ 3] 
\ / 
\ / 
\ / 
\ / 
\ 
\ / 

/ 
^J/4 

J J +1 

Figure 15 

SCHEMATIC ARRANGEMENT OF MESH POINTS, 
HALF-ZONES, ANT TRIANGLES AROUND AN 

INTERFACE POINT 

All subscripts used in Eq. 134 through 178 
which determine motions of an interface 
point, refer to the labeling shown in this 
figure. 
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1 

n_   - k x (rj-1- r^Mr*'1- rj"3! (154) Ü22 

ZA 

-  (z?-1 - zj-1) 

rg-^ - r?-* i   I    y?"1 - ^r1 ' (155) 

0 

*"     -     rA + iög"3/2 + ug-3/2>n-*t (158) 

The final position 21 of the Interface point 2 Is found by 

Iteration. Each Iteration Is begun with a guess at the proper 

value of the variable a, which Is the component of the 

particle velocity at the point 2 noiroal to the Interface; or ' 

Is the first guess at a. 

n2  - $(£12 + ^23) (159) 

t0  » n0 x k » I  z2 I (160) Jüp      _p   zz 

0 

igi - r""1 + a^) ng^t 

A^t[Cür3/2)yn2z.(jg-3/2)zn2yji2 (161) 
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K«§ + ^r1) (162) 

»21 ^(zg,  + »o» )   ^  UBe   8ue88ed value for z^KlöS) 

*A      '   KZ!I + ZA)'**0' (164) 

Referring to triangle 5TS5 ■ Ii 

/ 55(75 + y2,) - 5A(y2, + yA) + ^'5 + ^2» 

^   2«       ^ 

\ 

- 75(75 + y2,) + yA(y2i + y^ 

0 

(165) 

Similar expressions hold for the other two comer points of 

the triangle. Next, 

y^t - (& - r^-y^-h 
n-2 

^A &? "  TAV^'^ 

(166) 

(167) 

Compute 

V   . y?;^ . a";* + sS'* • Q-T* + St* • S-?"* (l68) 

^ 
n-1 YT An-2t. (169) 
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Calculate principal strains and strain axis directions for 

triangle I, using r? and r^ to obtain r?. Repeat the calcula- 

tions for triangles II, III, IV. Iterate to solve the 

following equations for the principal stresses Pyj PJJj, ?", 

and the Internal energy EJ: 

& - pyl (& •?!' «Sr 40.«»e- 
Poim P^, Pj2, ?^2 for triangle I 

Calculate: 

A 2« AA - A5 ^[(y". - yS)(z5 ■ ZS)-CZ2' - Z^5' 'X)J> 0(170) 

/pn-i/^Qn-i . A ^ . »n-i nn-^  «n-i .   \ 
/ Ul V^2'y  A2V + r12  a2'z + rx  A2' 

?2. 
r12 ^l2'y " ^0 +  P22  ^2« 

n-i o n-^ 
2'2 

\ / 

(171) 

Ej  - E?"1 - An^t(u^.P2, + üj-* • PA + Ü»-* • P5)  (172) 

Repeat the calculations for triangles II, III, IV. 

Calculate: 

/ 

zn    - zn z2'       ZB 

2aB2' - (yB+ y?«) vn    - vn (173) 
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2-Ä?B2.  ■  (PII - PIIl)2^B2. (174) 

2AP2..A - (Pj - PIv)2&2. (175) 

2AF    = 2AP2tA + 2APB2, -B2« (176) 

2AF n 
n2.2AP. (177) 

Porm the next guess at a, and repeat the calculation starting 

with Equation (l6l). Successive a-guesses are Intended to 

reduce LF   systematically to zero. 

Compute: 

(178) 

uJJ"5 =    Converged value of a 

y?" R. 
D»-* 

where 

R, 

nz2 ny2 

'V nz2 | 

(179) 

(180) 

(181) 
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k 1 

k*  l^-^w^^^^^^^^^ 

J-l 

Figure 16 

SCHEMATIC OP THE INTERFACE AND HALF-ZONES 

All subscripts used In Eqs. 178 through 212 
which determine the half-zone variables, refer 
to the labeling shown In this figure. 
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Calculate strain In AJ _ 

Calculate stress in J!j ,  using the old Internal energy En"  . 

Calculate: 

Q-4.3. = -*(& + »3.) 
23. - 24. 

\ 

fy. - 73,I (182) 

0 

p 4131 ■ Average of the stress In ^ with the stress In 

the zone sharing face 4'3» with ^_ 

Similarly, calculate ^,4,, ?3i2i' ?6'5"  ?5»1« and ?2'6" 

Calculate: 

A+ - *[(»§, - yg.Xig. - «?.) - (yg, - »;,)(.g. - z?.)] (is*) 
P, A 

^W-   I   0 

0 
(185) 

/ P A 

?W+ 
=1  0  I . (186) 
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^2' " ^1' 

^2'1» " rol - r1t  I z2' " zl'I (187) ±2»   il« 

The condition for a strongly glued, or nonslldlng Interface 
Is then expressed as follows: 

+ ^Pj   ' Vl'j  m+ + m_ 

'■; 

(188) 

^m   - [(yi«+ yi'^«+ y2')/3 * (l89) 

5m   - [fti - yi«)^«+ C^' - yin)5i']/(y2' - M(190) 

There are similar expressions for f-,, y    , z    , z    : these 
were formed as part of the interior (i.e., nonboundary) 
motion calculation 

A3,   =  i^, - yj(22, - 5mJ - 6r2, - y,.)^. - 2m)j (191) 

A4'    ■   ^[^m. " yi')(*m " 54') "  ^m " ^^(V " «I»)]   (192) 
1 

A-, and Ah, are associated with the half-zone $_; corresponding 
areas Ac, and Ag, must be calculated for the half-zone /y+. 
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Solve simultaneously for E^, EJ): 

(193) 

*€r* - KP? +«-+ pQ-"1) 
V ■ zm 

—nwn 
i HIT ui 

?m-«    - C^"'*)-*&«-+ yj 
i jn- ".2m 
ym " ym- 

0 

PQ M   - *(»<•*+ MC"*) 

/-Ö2.1.).\     f        i 

(194) 

(195) 

(196) 

(197) 

' 21« " 2ml 

\        0   . 

*2' - zm| 

&2.»)K "I   CVlOy    * K"* ' ^2. + O Un " ^2.1 f (199) 

0       / \       0 

Ag,!,! -  i^2. + yr) [Ora« - yi.)2 + O^a- " 2i')y 

•Sn 

(J2«l«)y      (k'l'Jz 

CbaOg      &2«l»)y 
0 0 

(200) 

(201) 

0 

0 
(202) 

W 
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&r.)i 
/pT

l 

o 
o 

/M 

i \ • Hfv i ym) 
fil' " 5m\ I 

^2.«^ 
J 

\o/  I 
^ ' *^2« + ym> 

0 

0 

i (203) 

?l»ra 
tr 

/^LmX 

1 
(fl'm/N 

0 

-a'm ^ 

/ ('2J l 

1 

'T 

(P2'm)N 
0 / 

a? -ET1   +    [(Si." S5-)-?l.«+ C?5'- S6.)-Vm 

+  (ji,,- Si.)-?!..]*"'** 

'  (U30y(Px-A3') ■  (U4.)y(Px.A4.) 

m 

(204) 

(205) 

(206^ 

(207) 

(208) 
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«"——"^»i 

The forces need to update the momenta at 3', 4', 5', and 6' are: 

/Px-M 
h*    =    -2'm " 5n-m + 

?4'    -    ?m-m - ?l'm + 

?5'    "    ?l'm " ?m+m + 

0 
0 

Px.A4' 
0 

0 

'Px+A5l 

11 
\ 

?6'    =    ?m+m ' ?2»« + 

/Px.fA6' 

1     0     / 

(209) 

(210) 

(211) 

(212) 
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APPENDIX III 

PORTRAN NOTATION 

FOR APTON 2A 

s 

/ s 

s 
t 
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Sense Switch Control 

Sense 
Switch 
No. Use 

(NOTE: All Sense Switches Are Normally Assumed 
to be OFF.) 

S.S. #1 forces the current problem to edit, 
makes a restart dump, and returns control to 
the Monitor System. 

S.S. #2 forces the current problem to edit, 
makes a restart dump, and then starts calculation 
of the next data run. 
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Equations of State 

Tlllotson Equation of State 

Deflnlnltlons: 

V    =    i;  n  = ^;u= n-1 

Case I 

VA0 <1 for all E
n >0 

and  V/V0 <VS for all E^E'g 

Case II 

n = |a + b/gl (E^A") + UM11 + Bu11' 

where     g (En/E0T12)  +1 

1<V/V <V0 for E'VE' 
OB B 

For TUFF 

a    =     .5 

b    ■ 1.1 

A    =     .064 

B    -     .0? 

vs ■ 1000 

Eo = .005 

E's   " .1 

a 5- 

0    = 5- 

V/V>Va  for all E^O 

Pn = aEnpn +    i(bEnpn/g)+Auexp{-0h)J>  exp{-ah2) 

where:        g = (En/Eor|2)+l 

h . (VA0)-I - i -1 - ^ 
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Elastic Medium 

Py = -(xA+2u€y) 

Pz  = -CXA+2U€Z) 
< 

Px = -CXA+2U€X) 

where 

X, M are Lame' constants 

A = Volume dilatation 
e * e * e ■ The three principal strains 

Test Problem Data 

For region 1 X=|i=l. 

For region 2 \=|i=l.l 
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INITIAL INPUT DATA 

CARD - FORMAT - VARIABLE - VALUE  - MEANING 

1    (16)    ICON 

Any 
Value 
EOF 

2 (9A8)   TITLE Any 
Value 

3 (6E12.5) PROBNO Any 
Value 

4 (1216)  KSV1 0 
1 

KSV2 0 
1 

KSV3   

KSV4 0 

Any 
Value 

KSVS 

KSV6 

KSV7 

KSV8 

Any 
Value 

Any 
Value 

0 
Any 
Value 

Any 
Value 

Sentinel to define type of run 
Normal run, start from 
Initial conditions given 
below 
Restart dump number, which 
is used to search dump tape 
End cf file; stops run, no 
more data to follow 

Problem title or description 
NOTE: Column one should 
contain a zero for carriage 
control on printer 

Problem number. NOTE: Out- 
put format is (F7.2) 

No edit on MAXN or TMAX 
Edit on MAXN or TMAX 

No dump taken on MAXN or TMAX 
Dump taken on MAXN or TMAX 

(Available Variable) 

No edit at start of calcu- 
lation 
Number of consecutive cycles 
to be edited at start of 
calculation 

No editing on cycle count (N), 
ignore KSV6 
Number of cycles between 
edits 

Number of cycles when next 
e-dlt occurs 

One cycle in each edit 
Number of consecutive cycles 
in each edit 

No dumping on cycle count, 
ignore KSV9 
Number of cycles between 
dumps 
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CARD - FORMAT - VARIABLE - VALUE - MEANING 

KSV9     Any     Number of cycles when next 
Value    dump occurs 

KSV10     —     (Available Variable) 

KSV11     0     Full edit all grid points, 
no extra card number 23 

Any     Number of short edits, see 
Value    card 28 for J and K limits 

KSV12     0     Edit generator initial 
conditions 

1     No edit of generator initial 
conditions 

(6E12.5) SAV1 0 

Any 
Value 

No editing on physical time, 
ignore SAV2 
Amount of physical time 
between edits 

SAV2 Any 
Value 

Physical time next edit 
occurs 

SAV3 0 

Any 
Value 

No dumping on physical 
time, ignore SAW 
Amount of physical time 
between dumps 

, 
SAV4 Any 

Value 
Physical time when next 
dump occurs 

(1216) JBOT — (Available Variable) 

JTOP — (Available Variable) 

KBOT — (Available Variable) 

KTOP — (Available Variable) 

KBUG 0 No debug print, no card 
number 22 

1 Take debug print see card 
22 for J, K limits 

MOTION     1     Eulerian grid motion 
2 Lagrangian grid motion 
3 (Available Sentinel) 

KINT(K)    0     No interfaces 
Any     Number of a K Line to be 
Value    treated as an interface. 

NOTE:  Five Interfaces maximum 
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CARD - PüRiMAT - VARIABLE - VALUE - MEANING 

7 (6E12.5) DTNM Any 
Value 

Size of Initial time step 

8 (6E12.5) CUTOFF Any 
Value 

Sentinel used to set a 
minimum value of a variable 

9 (I6,2E12.5) 
MAXN Any 

Value 
Maximum number of cycles to 
run problem 

TMAX Any 
Value 

Maximum physical time to 
run problem 

10 (1216)  JMIN 1 First J Line 

JMAX Any 
Value 

Number of maximum J Line in 
a region. NOTE: Limit 55 

KMIN 1 First K Line in a region 

KM AX Any 
Value 

Number of maximum  K Line 
in a region. NOTE: Limit 101 

11 (2I6,5E12.5/6E12.5) 
JYMIN Any 

Value 
Number of J Line for first 
radial component of position 
entry 

JYMAX Any Number of J  Line for last 

TX(J) 

12 

entry 

Any    Value of radial component 
Value   of position for JYMIN to 

JYMAX. If JYMAX is greater 
than 5, 5 TX(j) follow JYMAX 
on the first card, 6 TX(J) 
per card follow until 
TX(JYMAX) is reached 

(2I6,5E12.5/6E12.5) 
KZMIN     Any 

Value 
Number of K Line for first 
axial component of position 
entry 

KZMAX Any Number of K Line for last 
Value        axial component of position 

entry 
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CARD - FORMAT - VARIABLE - VALUE - MEANING 

Ty(K) Any    Value of axial component of 
Value   position for KZMIN to KZMAX. 

If KZMAX Is greater than 5, 
5 TY(K) follow KSMAX on the 
first card, 6 TY(K) per card 
follow until TY(KZMAX) Is 
reached 

NOTE: If JYMIN equals JMIN and JYMAX equals JMAX, no card 13 
follows. 

13 (I6,2E12.5) 
JTMAX Any 

Value 

DELTAY 

• 

Any 
Value 

RATEY Any 
Value 

Number of J Line for last 
radial component of position 
entry 

Initial radial distance 
across a zone 

Rate of change In radial 
distance across a zone 

NOTE: If. JTMAX is less than JMAX repeat card 13. 

NOTE: If KZMIN Is equals KMIN and KZMAX equals KMAX, no card 
14 follows. 

14 (I6,2E12.5) 
KTMAX Any 

Value 

DELTAZ Any 
Value 

RATEZ Any 
Value 

Number of K Line for last 
axial component of position 
entry 

Initial axial distance across 
a zone 

Rate of change in axial 
distance across a zone 

NOTE: If KZMIN is greater than KMIN or KTMAX is less than 
KMAX repeat card 14. 

15   (6E12.5) UXLBIN 

UXBIN 

Any    Radial component of 
Value   velocity at JMIN, KMIN 

Any    Radial component of 
Value   velocity at an interior J, 

KMIN 

UXRBIN    Any    Radial component of 
Value   velocity at JMAX, KMIN 
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CARD - FORMAT - VARIABLE - VALUE - MEANING 

UYLBIN    Any Axial component of velocity 
Value at JMIN, KMIN 

UYBIN    Any Axial component of velocity 
Value at an Interior J, KMIN 

UYRBIN    Any Axial component of velocity 
Value at JMAX, KMIN 

16   (2I6,E12.5/2I6,E12.5) 
JUMAX    Any, 

Value 

KUMAX 

UXIN 

JVM AX 

KVMAX 

UYIN 

17   (6E12.5) UXLTIN 

UXTIN 

UXRTIN 

UYLTIN 

UYTIN 

UYRTIN 

Number of last J entry for 
radial component of velocity 
at an Interior K 

Any Number of last K entry for 
Value radial component of velocity 

at an Interior ^ 

Any Radial component of velocity 
Value at an Interior K 

Any Number of last J entry for' 
Value axial component of velocity 

at an interior K 

Any Number of last K entry for 
Value axial component of velocity 

at an Interior K 

Any Axial component of velocity 
Value at an interior K 

Any Radial component of velocity 
Value at JMIN, KM AX 

Any Radial component of velocity 
Value at an Interior J, KMAX 

Any Radial component of velocity 
Value at JMAX, KMAX 

Any Axial component of velocity 
Value at JMIN, KMAX 

Any Axial component of velocity 
Value at an interior J, KMAX 

Any Axial component of velocity 
Value at JMAX, KMAX 
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CARD - FORMAT - VARIABLE - VALUE - • MEANING 

18 3(216,E12.5) 
JZMAX Any 

Value 
Number of 
R ZERO 

last J entry for 

•i ■ _ ^ 
KZMAX Any 

Value 
Number of 
R ZERO 

last K entry for 

R ZERO Any 
Value 

Reference 
constant 

density (PQ)^ a 

JRMAX Any 
Value 

Number of 
RHO 1 

last J entry for 

KRMAX Any 
Value 

Number of 
RHO 1 

last K entry for 

RHO 1 Any 
Value 

Initial material density 

JEM AX Any 
Value 

Number of 
El 

last J entry for 

KEMAX Any 
Value 

Number of 
El 

last K entry for 

El Any 
Value 

Initial specific internal 
energy 

19 (6E1S*.5) TINY A Any 
Value 

Tlllotson 
constant 

equation of state 

TINY B Any 
Value 

Tlllotson 
constant 

equation of state 

BIG A Any 
Value 

Tlllotson 
constant 

equation of state 

BIG B Any 
Value 

Tlllotson 
constant 

equation of state 

RCP V S Any 
Value 

Tlllotson 
constant 

equation of state 

E ZERO Any 
Value 

Tlllotson 
constant 

equation of state 

20 (6E12.5) E S Any 
Value 

Tlllotson 
constant 

equation of state 
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ARD - FORMAT - VARIABLE - VALUE - MEANING 

ALFA Any 
Value 

TlTlotson equation of state 
constant 

BETA Any 
Value 

Tillotson equation of state 
constant 

QCON Any 
Value 

Q constant 

NOTE: Cards 19 and 20 appear NREG times. 

21 (6E12.5) SPMLYR Any 
Value 

Radial component of the 
external force applied to a 
zone on the JMAX boundary 

SPMLZR Any 
Value 

Axial component of the 
external force applied to 
a zone on the JMAX boundary 

NOTE: 

22 

If KBUG is equal to 0, no card 22 follows. 

(1216)  JBMIN     Any    First J Line to be included 
in a debug edit 

Last J Line to.be included in 
a debug edit 

First K Line to be included in 
a debug edit 

Last K Line to be included in 
a debug edit 

NOTE:  If JUMAX x KUMAX is equal to 0 or equal to JMAX x KMAX, 
no card 23 follows. 

JBMIN Any 
Value 

JBMAX Any 
Value 

KBMIN Any 
Value 

KBMAX Any 
Value 

23 (2I6,E12.5) 
JUMAX Any 

Value 

KUMAX Any 
Value 

UXIN Any 
Value 

Number of last J entry for 
radial component of velocity 
at an interior K 

Number of K entry for radial 
component of velocity at an 
interior K 

Radial component of velocity 
at an interior K 

NOTE:  If JUMAX x KUMAX is greater than 0 and less than 
JMAX x KMAX, repeat card 23. 
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CARD - FORMAT  - VARIABLE  - VALUE    - MEANING 

NOTE:     If JVMAX x KVMAX Is  equal to 0 or equal to JMAX x KMAX, 
no card 24 follows. 

24 
Number of last J entry for 
axial component of velocity 
at an interior K 

Number of last K entry for 
axial component of velocity 
at an Interior K 

Axial component of velocity 
at an interior K 

NOTE:  If JVMAX x KVMAX is greater than 0 and less than 
JMAX x KMAX repeat card 24. 

NOTE:  If JZMAX x KZMAX is equal to 0 or equal to JMAX x KMAX, 
no card 25 follows. 

(2I6,E12.5) 
JVMAX Any 

Valise 
•V 

KVMAX Any 
Value 

UYIN Any 
Value 

25 (2I6,E12.5) 
JZMAX Any 

Value 

KZMAX Any 
Value 

R ZERO Any 
Value 

Number of ]ast J entry for 
the reference density 

Number of last K entry for 
the reference density 

Reference density 

NOTE: If JZMAX x KZMAX is greater than 0 and less than JMAX 
x KMAX, repeat card 25. 

NOTE:  If JRMAX x KRMAX is equal to 0 or equal to JMAX x KMAX, 
no card 26 follows. 

26 (2I6,E12.5) 
JRMAX Any 

Value 
Number of last J entry for 
density 

KRMAX Any 
Value 

Number of last K entry for 
density 

RHO 1 Any 
Value 

Density 

NOTE: If JRMAX x KRMAX is greater than 0 and less than 
JMAX x KMAX, repeat card 26. 
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CARD  FORMAT  VARIABLE  VALUE MEANING 

NOTE: If JEMAX x KEMAX Is equal to 0 or equal to JMAX x KMAX, 
no card 27 follows. 

27 (2I6,E12.5) 
JEMAX Any 

Value 

KEMAX Any 
Value 

El Any 
Value 

Number of last J entry 
for specific internal 
energy 

Number of last entry K 
for specific internal 
energy 

Specific internal energy 

NOTE: If JEMAX x KEMAX is greater than 0 and less than JMAX 
x KMAX, repeat card 27. 

NOTE: If KSV11 equals 0, no card 28 follows. 

28   (416)   JJMIN 

JJMAX 

v       KKMIN 

KKMAX 

This is the end of the Initial Input Data, it may be followed 
by another Initial Input Data Deck, a Restart Data Deck, or 
three blank cards signifying end of run, no more Data Decks 
to follow. 

Any 
Value 

First J Line to appear in 
an edit 

Any 
Value 

Last J Line to appear in 
an edit 

Any 
Value 

First K Line to appear in 
an edit 

1 

Any 
Value 

Last K Line to appear in 
an edit 
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RESTART INPUT DATA 

CARD - FORMAT - VARIABLE - VALUE  - MEANING 

(16) 

(9A8) 

ICON 

TITLE 

Any 
Value 
Greater 
Than 0 

Any 
Value 

Number of restart dump from 
which to start calculation 

Problem title or description. 
Column 1 should contain a 
0 for carriage control on 

3 (1216) KSV1- 12 

printer 

See card 4, Initial Input Data 

4 (6E12.5) SAV 1 -4 See card 5, Initial Input Data 

5 (I6,2E12 .5) 
MAXN Any 

Value 
New maximum cycle count, stop 
problem if cycle count (N) 
exceeds this number 

TMAX Any 
Value 

New physical time, stop 
problem if TIME exceeds this 
number 

- 

NOTE: If KSV11 equals 0, no card 6 follows. 

6    (416)   JJMIN-KKMAX       See card 28, Initial Input Data 

This is the end of Restart Input Data, it ma., be followed by 
another Restart Data Deck, and Initial Input Data Deck, or 
three blank cards signifying end of run, no more Data Deck 
to follow. 
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Variables In COMMON or DIMENSION and their Definitions 

VARIABLE DIMENSION 

NREG 

MOTION 

PROBNO 

DUMFV 600 

N 

TIME 

ETNM 

RDTNM 

DPNMN 

m'NMPS 

DrNM2 

CUTOFF 

CUT1 
• 

CUT2 

MAXN 

TMAX 

SAV 12 

KSV 24 

TITLE 9 
• 

JMIN 

JMAX 

DEFINITION 

Number of regions In problem 

Sentinel to specify the coordinate 
system to be used 

Problem number 

Special area In common, equivalent 
to NREG, first record of data dump 

Cycle number 

Physical time of problem 

Time step (At) 

l./At 

Time step calculated for the next 
cycle 

One-half the time step (.5 x At) 

Twice the time step (2. x At) 

Sentinel used to set a minimum 
value of a variable 

At x CUTOFF 

DTNM2 x CUTOFF 

Maximum cycle count, stop problem N 
If exceeds this number 

Maximum physical time, stop problem 
If TIME exceeds this number 

Floating point sentinels 

Fixed point sentinels 

Title or description of problem 
(header card) 

First J Line In a region 

Last J Line In a region 
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TARIABLE DIMENSION 

JL 

J3 

JR 

JRM 

JBMIN 

JBMAX 

KMIN 

KFiAX 

KB 

KBMIN 

KBMAX 

KINT 5 

KT 

KTM 

ICON 

LINCT 

LXI 

KC 

NDPA 

NEDIT 

NSIG 

NMASS 

NDMP 

DEFINITION 

JMIN + 1, J Line In a region 

JMIN + 2,J  Line In a region 

JMAX - 1, J Line In a region 

JMAX - 2, J  Line In a region 

Minimum J Line for debug edit 

Maximum J Line for debug edit 

First K Line In a region 

Last K Line In a region 

KMIN + 1, K Line In a region 

Minimum K Line for debug edit 

Maximum K Line for debug edit 

K Index of an Interface 

KMAX - 1, K line In a region 

KMAX - 2, K Line In a region 

Sentinel to define type of start, 
e.g., start from restart dump 

K Line count for output 

K Index for K Lines In core (I = 1,5) 

K Line count for calculation 

Data dump sentinel 

Edit sentinel 

Sentinel to define action to be 
taken at the end of a cycle, e.g., 
read In new problem 

Negative mass sentinel 

Number of restart dump 
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VARIABLE DIMENSION 

TX 55 

TY 101 

UYLBIN 

UYBIN 

UYRBIN 

UXLBIN 

UXBIN 

UXRBIN 

UYLTIN 

UYTIN 

UYRTIN 

UXLTIN 

UXTIN 

UXRTIN 

P ZERO 5 

EIN 

RHOIN 

DEFINITION 

Radial component of position of a 
mesh point 

Axial component of position of a 
mesh point 

Axial component of velocity at 
JMIN, KMIN 

Axial component of velocity at an 
Interior J, KMAX 

Axial component of velocity at 
JMAX, KMIN 

Radial component of velocity at 
JMIN, KMIN 

Radial component of velocity at 
an Interior J, KMIN 

Radial component of velocity at 
JMAX, KMIN 

Axial component of velocity at 
JMIN, KMAX 

Axial component of velocity at 
an Interior J, KMAX 

Axial component of velocity at 
JMAX, KMAX 

Radial component of velocity at 
JMIN, KMAX 

Radial component of velocity at 
an Interior J, KMAX 

Radial component of velocity at 
JMAX, KMAX 

Reference density 

Specific internal energy of an 
Interior zone 

Density of an Interior zone 
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VARIABLE 

UYIN 

UXIN 

QCON 

E S 

ALFA 

BIG A 

BIG B 

RCP V S 

E ZERO 

TINY A 

TINY B 

BETA 

ICASE 

H 

BET AH 

ALFAH 

AMUBH 

AMUBMU 

DIMENSION 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

55 

55 

55 

55 

55 

55 

DEFINITION 

Axial component of velocity of 
an Interior mesh point 

Radial component of velocity of 
an Interior mesh point 

Q constant 

Tlllotson equation of state 
constant 

Tlllotson equation of state 
constant 

Tlllotson equation of state 
constant 

Tlllotson equation of state 
constant 

Tlllotson equation of state 
constant 

Tlllotson equation of state 
constant 

Tlllotson equation of state 
constant 

Tlllotson equation of state 
constant 

Tlllotson equation of state 
constant 

Sentinel to distinguish between the 
two algebraic forms appearing In 
the Tlllotson equation of state 

Working storage for Tlllotson 
equation of state 

Working storage for Tlllotson 
equation of state 

Working storage for Tlllotson 
equation of state 

Working storage for Tlllotson 
equation of state 

Working storage for Tlllotson 
equation of state 
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VARIABLE DIMENSION 

LAMMA 5 

EMU 5 

RXZ 55 x 5 

RYZ 55 x 5 

RXM 55 x 5 

RYM 55 x 5 

RX 55 x 5 

RY 55 x 5 

UNMX 55 x 5 

UNMY 55 x 5 

UNPX 55 x 5 

UNPY 55 x 5 

U2 55 x 2 

VOL 55 x 5 

Qll 55 x 5 

012 55 x 5 

Q?2 55 x 5 

QX 55 x 5 

PNM 55 x 5 

PN 55 x 5 

DEFINITION 

Lame1 constant Lambda 

Lame' constant Mu 

Initial radial position coordinate 

Initial axial position coordinate 

Radial position coordinate at 
the start of a time step 

Axial position coordinate at the 
start of a time 

Radial position coordinate at 
the end of a time step 

Axial position coordinate at 
the end of a time step 

Radial component of velocity 
at the start of a time step 

Axial component of velocity 
at the start of a time step 

Radial component of velocity 
at the end of a time step 

Axial component of velocity at 
the end of a time step 

Square of the velocity 

Specific volume 

Element of the artificial 
viscosity tensor 

Element of the artificial 
viscosity tensor 

Element of the artificial 
viscosity tensor 

Element of the artificial 
viscosity tensor 

Element of the stress tensor, without 
an artificial viscosity contribution, 
at the start of a time step 

Element of the stress tensor, without 
an artificial viscosity contribution, 
at the end of a time step 
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ARIABLE DIMENSION 

Pll 55 x 5 

P12 55 x 5 

P22 55 x 5 

PX 55 x 5 

PY 55 

PZ 55 

PQNMXX 55 x 5 

PQNMXY 55 x 5 

'PQNMYY 55 x 5 

PQMX 55 x 5 

PQNXX 55 x 5 

PQNXY 55 x 5 

PQNYY 55 x 5 

PQX 55 x 5 

RHO 55 x 5 

VO 55 x 5 

ETA 55 x 5 

DEFINITION 

Element of the stress tensor 
minus Qll 

Element of the stress tensor 
minus Q12 

Element of the stress tensor 
minus Q22 

Principal stress along the 
azlmuthal stress axis minus QX 

One of the three principal stresses, 
without an artificial viscosity 
contribution 

One of the three principal stresses, 
without an artificial viscosity 
contribution 

Element of the total stress tensor 
at the start of a time step 

Element of the total stress tensor 
at the start of a time step 

Element of the total stress tensor 
at the start of a time step 

Total principal stress along the 
azlmuthal stress axle at the start 
of a time step 

Element of the total stress tensor 
at the end of a time step 

Element of the total stress tensor 
at the end of a time step 

Element of the total stress tensor 
at the end of a time step 

Total principal stress along the 
azlmuthal stress axis at the end of 
a time step 

Density 

Reference specific volume 

Compression = VO x RHO 
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VARIABLE 

GMU 

ENM 

EN 

PMASNM 

FMASN 

AIY 

AIZ 

AWI 

PIY 

PIZ 

DIMENSION 

55 

55 x 5 

55 x 5 

55 x 5 

55 x 5 

PMSNZ      55 x 5 

CMASSI     55 x 5 

55 x 5 

55 x 5 

55 x 5 

55 x 5 

55 x 5 

PMNMX 55 x 5 

PMNMY 5x5 

PMNX 55 x 5 

PMNY 55 x 5 

RH3Z 55 x 5 

DEPINITION 

Working store for Tillotson equation of 
state. Excess compression = ETA-1. 

Specific internal energy at the 
start of a time step 

Specific internal energy at the 
end of a time step 

Zone mass at the start of a time 
step 

Zone mass at the end of a time 
step 

Momentum mass 

Mass of a zone associated with its 
vertex I (1-1,2) 

Radial component of the vector area 
subtended between wedge planes by 
the side of a zone (I = 1,4) 

Axial component of the vector area 
subtended between wedge planes by 
the side of a zone (I = 1,4) 

Area of a zone associated with one 
of its vertices (I ■ 1,4) 

Radial component of force associated 
with the vertex point (I) of a zone 
(I - 1,4) 

Axial component of force associated 
with the vertex point (i) of a zone 
(I - 1,4) 

Radial component of momentum at the 
start of a time step 

Axial component of momentum at the 
start of a time step 

Radial component of momentum at the 
end of a time step 

Axial component of momentum at the 
end of a time step 

Density of material transported across 
a zone boundary in one coordinate 
direction 
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VARIABLE 

RH1Z 

E3Z 

E1Z 

RWA3Z 

RWA1Z 

RWAE3Z 

RWAE1Z 

NTPT 

YDB 

YTERM 

DIMENSION 

55 x 5 

55 x 5 

55 x 5 

55 x 5 

55 x 5 

55 x 5 

55 x 5 

55 x 5 

55 

55 

Y2TERM 

TAI 

55 

55 

DEFINITION 

Density of material transported across 
a zone boundary In the other coordinate 
direction 

Specific Internal energy of a material 
transported across a zone boundary 
In one coordinate direction 

Specific Internal energy of a material 
transported across a zone boundary 
In the other coordinate direction 

Rate of transport of mass across a 
zone boundary In one coordinate 
direction 

Rate of transport of mass across a 
zone boundary In the other coordinate 
direction 

Rate of transport of Internal energy 
across a zone boundary In one 
coordinate direction 

Rate of transport of Internal energy 
across a zone boundary In the other 
coordinate direction 

Sentinel to determine the proper form 
of the transport density 

Radial position coordinate of a special 
point S on the line segment Joining 
two adjacent mesh points 

Difference between YDB and the radial 
coordinate of one of the two mesh 
points defining the line segment on 
which S lies 

Difference between YDB and the radial 
coordinate of the other mesh point 
defining the line segment on which 
S lies 

The point S divides the side of a 
zone and Its associated area Into 
two parts. TAI Is the fraction of 
this area residing In one of the two 
parts (I = 1,2) 
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VARIABLE 

A 

B 

FMLZB 

FMLYR 

PMLZR 

FMLYT 

PMLZT 

LYI 

LZI 

DIMENSION 

55 

55 x 4 

DIL 55 

EPX 55 

EPY 55 

EPZ 55 

PMLYB 55 

55 

101 

101 

55 

55 

55 

55 

DEFINITION 

Table of signs of second differences 
of the density of one coordinate 
direction 

Table of signs of the second differ- 
ences of the density in the other 
coordinate direction 

Volume dilatation 

Principal strain along the azimuthal 
strain axis 

One of the three principal strains 

One of the three principal strains 

Radial component of the external 
force applied to a zone on the 
KMIN boundary 

Axial component of the external 
force applied to a zone on the 
KMIN boundary 

Radial component of the external 
force applied to a r.one on the 
JMAX boundary 

Axial component of the external 
force applied to a zone on the 
JMAX boundary 

Radial component of the external 
force applied to a zone on the 
KMAX boundary 

Axial component of the external 
force applied to a zone on the 
KMAX boundary 

Radial component of a unit vector 
along the principal strain axis (l), 
(I = 1,2) 

Axial component of a unit vector 
along the principal strain axis (l), 
(I = 1,2) 

109 



ff 
mum 

VARIABLE 

RIH 

DIMENSION 

55 

DEFINITION 

ZIH 55 

AYQ 

AZQ 

55 

55 

TRAPV 

TRAPYH 

TRAPZH 

YDELTA 

55 

101 

101 

55 

ALPHA 100 

DF 100 

DIST 2 

Z21 2 

Radial component of position for 

mesh point at time tn"?. 

Y21 

KM) 
dintingulshes the vertices of a 
single zone 

Axial component of position for 

mesh point at time tn~*;  1   (»» 1,4) 
distinguishes the vertices of a 
single zone 

Radial component of a vector area 
associated with a zone for the 
calculation of the artificial 
viscosity of the zone 

Axial component of a vector area 
associated with the zone for the 
calculation of the artificial 
viscosity of the zone 

Radial component of the mid point 
of the side of a zone in one 
coordinate direction 

Radial component of the mid point 
of the side of a zone in the other 
coordinate direction 

Axial component in the mid point 
of the side of a zone in the other 
coordinate direction 

Difference between radial position 
coordinates of the two points defining 
the side of a zone 

Working storage, value of particle 
velocity normal to an interface 

Difference between the normal stresses 
at the two sides of an interface 

Distance between two adjacent 
interface points 

Negative of the axial component of 
the vector Joining two adjacent 
interface points 

Radial component of the vector Jolnlnc 
two adjacent interface points 
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VARIABLE DIMENSION 

NY12 2 

NZ12 2 

YA 2 

ZA 

YAN 

ZAN 

UNAY 

UNAZ 

UNORM 

YAZ 

ZAZ 

AIYT 

AIZT 

55 x 5 

55 x 5 

55 x 5 

DEFINITION 

Radial component of a unit vector 
normal to a vector Joining two 
adjacent Interface points 

Axial component of a unit vector 
normal to a vector Joining two 
adjacent Interface points 

Radial position coordinate of a 
special point on the line segment 
Joining two adjacent Interface 
points, at the start of a time step 

Axial position coordinate of a 
special point on the line segment 
Joining two adjacent Interface 
points, at the start of a time step 

Radial position coordinate of a 
special point on the line segment 
Joining two adjacent Interface 
points, at the end of a time step 

Axial position coordinate of a 
special point on the line-segment 
Joining two adjacent Interface 
points, at the end of a time step 

Radial component of velocity at 
an Interface point averaged over 
a time step 

Axial component of velocity at an 
Interface point averaged over 
a time step 

Component of partlcule velocity 
normal to the Interface averaged 
over a time step 

Radial component of the Initial 
position of the point corresponding 
to (YAN,ZAN) 

Axial component of the Initial 
position of the point corresponding 
to (YAN,ZAN) 

Radial component of the vector area 
subtended between wedge planes by the 
side of an Interface triangle 

Axial component of the vector area 
subtended between wedge planes by the 
side of an interface triangle 
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VARIABLE DIMENSION 

PMASST 4 

DILT 4 

LYIT 

LZ IT 

EPYT 4 

EPZT 4 

EPXT 4 

PYT 4 

PZT 4 

PXT 4 

P11T 4 

P12T 4 

P22T 4 

P11BT 4 

P12BT 

P22BT 

DEFINITION 

Mass of an Interface triangle 

Volume dilatation In an Interface 
triangle 

Radial component of a unit vector 
along the principal strain axis (I 
for an Interface triangle (I = 1,2 

Axial component of a unit vector 
along the principal strain axis (l), 
for an Interface triangle (I = 1,2) 

One of three principal strains in 
an Interface triangle 

One of three principal strains In 
an Interface triangle 

Principal strain along the azlmuthal 
strain axis In an Interface triangle 

One of the three principal stresses 
in an Interface triangle 

One of the three principal stresses 
In an Interface triangle 

Principal stress along the azlmuthal 
stress axis In an Interface triangle 

Element of the stress tensor for an 
Interface triangle 

Element of the stress tensor for an 
Interface triangle 

Element of the stress tensor for an 
Interface triangle 

Element of the stress tensor for an 
Interface triangle, averaged over a 
time step 

Element of the stress tensor for an 
Interface triangle, averaged over a 
time step 

Element of the stress tensor for an 
Interface triangle, averaged over a 
time step 
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VARIABLE 

PXBT 

ENT 

ART 

FIYT 

PIZT 

Q11T 

Q12T 

Q22T 

QXT 

VOLM 

VOLT 

YB 

ZB 

YBU 

ZBU 

DIMENSION 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2 

DEFINITION 

Element of the stress tensor for an 
Interface triangle 

Specific Internal energy In an 
Interface triangle 

Area of an Interface triangle 

Rallal component of force associated 
with vertex point (I), for an 
Interface triangle (I = 1,3) 

Axial component of force associated 
with vertex point (l), for an 
Interface triangle (I = 1,3) 

Element of the artificial viscosity 
tensor In an Interface triangle 

Element of the artlflcla- viscosity 
tensor In an Interface triangle 

Element of the artificial viscosity 
tensor In an Interface triangle 

Element of the artificial viscosity 
tensor In an Interface triangle 

Specific volume In an Interface 
triangle at the start of a time step 

Specific volume In an Interface 
triangle at the end of a time step 

Radial position coordinate of a mesh 
point which lies on the Interface, 
averaged over a time step 

Axial position coordinate of a mesh 
point which lies on the Interface, 
averaged over a time step 

Radial position coordinate of a mesh 
point which lies on the KINT+1 K-Llne, 
averaged over a time step 

Axial position coordinate of a mesh 
point which lies on the KINT+1 K-Llne, 
averaged over a time step 
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VARIABLE 

YBD 
i 

< i 

i 

ZBD 

PY 

PZ 

DIMENSION 

2 

SUMKE 

SUMTE 

SMSTPT 

SMASSI 

SMASS 

PIMPZ 

SMZTPT 

SMOMZI 

55 

55 

T21Y 55 

T21Z 55 

SUMIE 

DEFINITION 

Radial position coordinate of a mesh 
point which lies on the KINT-1 K-Llne, 
averaged over a time step 

Axial position coordinate of a mesh 
point which lies on the KINT-1 K-Llne, 
averaged over a time step 

Radial component of a force used to 
compute the tangential stress at an 
Interface 

Axial component of a force used to 
compute the tangential stress at an 
Interface 

Radial component of the unit vector 
tangential to the Interface 

Axial component of the unit vector 
tangential to the Interface 

Total Internal energy contained within 
the boundaries of a system at an 
Instant of time 

Total kinetic energy contained within 
the boundaries of a system at an 
Instant of time 

Total energy contained within the 
boundaries of a system at an Instant 
of time 

Net mass transported Into a system In 
a time step 

Mass of a system at the start of a 
time step + SMSTPT 

Total mass contained within the 
boundaries of a system at an Instant 
of time 

Total axial Impulse delivered to a 
system In a time step 

Total axial momentum transported 
across the boundaries of a system 

Initial axial momentum + FIMPZ 
+ SMZTPT 
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VARIABLE 

SMOMZ 

SPW 

DIMENSION 

PIMPY 

SMYTPT 

SMOMYI 

SMOMY 

SIETPT 

SKETPT 

USQ 2 

WORK 

SENERI 

PTMASS 55 

Sl 55 

S2 101 

Sl 55 

TEM 55 

KBOT 

KTOP 

VAGANT 15 

DEPINITION 

Total axial momentum contained within 
the boundaries of the system at an 
instant of time 

Total radial component of force acting 
on the azimuthal plane boundaries of 
a system during a time step 

Total radial impulse delivered to a 
system in a time step 

Total radial momentum transported 
across the boundaries of a system 

Initial radial momentum + FIMPY ■»• SMYTPT 

Total radial momentum contained 
within the boundaries of the system 
at an instant of time 

Total internal energy transported 
into a system across its boundaries 

Total kinetic energy transported 
into a system across its boundaries 

Twice the kinetic energy per unit 
mass for transport 

Total work done on a system 

Total initial energy of a system 
+ SIETPT + SKETPT + WORK 

Working storage for the edit 
subroutine 

Working storage for input/output 
buffers 

Working storage for input/output 
buffers 

Working storage for input/output 
buffers, (I = 3, 3:5) 

Working storage for the stress 
subroutine 

(Available Variable) 

(Available Variable) 

(Available Variable) 
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APPENDIX IV 

PLOW DIAGRAM 

FOR APTON 2A 
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r    ACTIVE      J 

I 
|»n      >n-1 

F       0 
•"n       in 

n-1 

C     RETURN    J 

118 



NSIG     1 

6 
119 



5 
Um« - Tim* K\T 

NDPA 
NEDIT 

N:MAXN <D 

Timt:TMAX <D 

Scntt Switch 

1 

OFF 

S*n>« Switch 

OFI 

ON 

120 



KSV4:0 

K$VS:0 

-,—-0 

€> > 

SAVi :0 

KSVs:0 

SAV3:0 
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-.—■© 

.—KiD 

<E) 



• 

122 



9 
S.t: 

NSIG - 3 

NDPA - 1 

Ö 

\   ' /^ 1 
, «T r 

1 Sat: 1 s*t:                 i 
NEDIT - 1 NEDIT = -1 

1« 
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I 

© 
Com pul«: 

KSV4=K$V4-1 

5 
124 



KSV6 - KSV6 

+ KSV5 

SAV2 - S AV2 

fSAV, 

K$V4 = K$V7-1 

^ 

125 



SAV4 = $AV4 
^SAVj 

0 
126 



REWIND 10 

C™D 

127 

mm*v& 

MaaaMaMalBaBIIMHHai 



Com put«: 

128 

-< 3 • 

■. 

No««: 
Subscript (V) 
raftrt to vtrtieol 
transport tarnt 

« 

v                                          [ 

* 

• 

» 

  

■  -  J 



i 
Set! 

Ml 

I 
Set: 

I l.o 

pwAEH 

I 

Subscript (H) refers 
to Horisenol Transport 

HORTPT 

I 
I Computai 

I P,V 

L I 
Comput«: 

pwAy 
pwAE, 

6 

129 
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9 

STRESS 

I 
NEWU 

I 
CONSCK 

) 

f     RETURN    J 

•: *. 
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STRAIN L 

STRESS L 

CONSCKL 

f    RETURN   J 
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STRAIN L 

STRESS L 

NEWUL 

CONSCK L 

CONSCK L 

RETURN 
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J 



9 
STRAIN L 

I 
STRESS L 

> 

I 
NEWU L 
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Com put«: 

SMASS 
SMSTPT 
SIETPT 

I 
Cemputat 

SKETPT 
SMYTPT 
SMZTPT 

133 



Comput«: 

SUMIE 
SMOMY 
SMOMZ 

I 
Comput«: 

SMASS 
SUMKE 

I 
Comput«; 

FIMPY 
FIMPZ 
WORK 

5 

<D 
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9 
Comput«: 

SMSTPT 
SIETPT 

I 
Comput«: 

SUMKE 
SMOMY 

Comput«: 

SKETPT 
SMYTPT 
SMZTPT 

Comput«: 

FIMPY 
FIMPZ 
WORK 

/ 
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9 
Computa: 

DIFFY 
DIFFZ 

Compute: 

SFY 
SFZ 

I 
Comput«: 

SUMTE 
DSTE 

f      RETURN     I 
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Initiolix«: 

SUMIE 
SUMKE 

I 
Initiolix«: 

SMOMY 

SMASS 

I 
Inltiolli«: 

FIMPY 
FIMPZ 

I 
Initia'ix«: 

SKITPT 
WORK 

ZET 
C   RgTUKW   J 

'v. 
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Comput«! 

SUMIE 
SUMKE 

I 
Comput«: 

SMOMY 

Comput«: 

PIMPY 
PIMPZ 

Computoi 

SMASS 
WORK 

Comput« for 
Intarfsc«! 

SUMIE 

f      RETURN    J 

<D 
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Cemput«! 

SMOMY 

Cemput«: 

PIMPY 
FIMPZ 

Cemput«; 

WORK 
SUMKE 

RETURN 
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f    ENERGY   J 

ZTT 
Comput«: 

E 

f     RETURN    J 

\ 

V 

\, 
V 

140 
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r EMERGYL  J 

Comput«: 

E 

f    RETURN    J 
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142 

- ■ 



Tr- 

1 
VERTPT 

BOUND 

Ö 
143 



144 



€> 

145 

L 



146 



147 



rr 

148 



' 

149 



**—-— 

C    PLOW L    J 

i 
S«t! 

NREG - 1 
B = 0 

150 

  



rr 

151 



'■■ '■ '■ -^^ 

€     STRAIN L    1 

(E) 
C      NIWU L    \ 

CONSCKL 

5 

152 



153 



1 

X 

X 

\ 

\ 

153 



-',•■..., 

C     FORCE     J 

I 
Cemput«: 

PUB, P12B 
P22B. PXB 

f   RETURN    J 
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CEED 
Intarpelot« 
to find: 

ZONE 
AREAS 

Com put«: 

PUB, P12B 
P22B. PXB 

I 
Comput«: 

F3. F4. 

F2. FJ 

I 
Comput«: 

PPNXX 
PQNXY 
PQNYY 
PQX 

f     RETURN J 
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C    HORTPT    J 

zu: 
S.t: 

A,, A2, 

A3, AMAX 

I 
Compute: 

I». 

I 
Cemputa: 

pwAH 

PWAEH 

PS (      RETURN      I 

156 



f    INFACE     J 

INITIALIZE 
Working 

Param*t«rs 

Mow Matt 
Points around 
Intorfacot 

I 
Movo Grid 
Points (y.i) 
around 
Intorfacos 

Compute: 

^ 

/ 

157 



1 

9 
Com put*: 

yA 

IA 

I 
S«t: 

Alplio = Un 

i 
Cempul«: 

Volm, 
Net«: 
Subscript (T) ffwt 
to Trionglof Zont. 
T = 1.2.3.4 
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9 
Computa: 

"T 

I 
Com put«: 

El T 

E3T 

I 
Comput«: 

ART 

AZT 

Comput«: 

159 



■■ 

© 
Comput«: 

ü, 

I 
Comput«: 

160 

... 
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«' 

i     STRAIN L    ) 

i     STRESS L    ) 

I STRAIN L \ 

NREC - NRIG 
1 

1 
/ STRESS L \ 

\ m I 
ZE: 
NREG - NREC 

-1 

5 
161 



/ ITÜAIM L \ 

NRBC . NREG 
+ 1 

162 



!■      ■■I 

Com put«: 

ft« 
A- 

I 
Comput«; 

r 

♦, - r*Urt to half 
zones on positiv* 
ond nogotivo si dot 
of tho intorfoco. 

Cemput«: 

F + 
F- 

Comput«: 

N 

I 
Comput«: 

F't 
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mmmmmm^^^^ummmmm^^~^*~ ^^^mmm 

»' 

2 
Cempwt«! 

I 
Cemput«: 

Ai 
I ■ 1.2.3.4 

I 
Comput«: 

i 
Comput«: 

I 
Comput«: 

I 

I 
Comput«: 

I 

(      RETURN     J 

, .^ 

vm*% r* 
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"   —"■^»"-■^^■i 

y'M 

r LINE IH (L) ^ 

;—-Q 
Cemput«: 

MT = 3 
- 2(Nmod2) 

\ 

165 
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9 
READ MT 
(5 K-lin«s) 

WRITE 10 
(5K-lin*t) 

REWIND MT 
MT=MT4l 

f      RETURN    J 
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REWIND MT 
MT    MT+1 

END FILE 
10 

ENDFTLE 
10 

f    RETURN    J 
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© 

i      i 

Compute: 

MT    3 
- 2(Nmod2) 

READS 
(Print 

Limits) 

^ 

<D 

168 



^   K:KMAX J ►. 

»T 
Compute: 

MVp-MV,, 
+ 1 

U  

9 
Set: 

Jmin Limit 
Jmox Limit 

% 

169 



S«t: 

Uncolculotcd 
output pora- 
m«t»r to zoroi 

I 
\    WRITE 6 
\   OUTPUT 

REWIND MT 
MT    MT ♦ 1 

^ 

170 

L 



171 



172 

 ,  



Sat: 

NEDIT - 1 
H$IC = 4 

J 

173 

■ — - 



/ 

JET 
Comput«: 

FMSNZ 

I 
Com put«; 

M 

I 
Comput«: 

I 

T 
f    RETURN    J 

17* 
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9 
Comput«: 

I 
in 

H 
Comput«: 

| 
Q 

PQ 

1 
Sum: 

Xtf 
Im 
SI 

I 
WRITE MT 

Working 
Voriobl«. 

VRITEMT   / 
Working     / 

Vorioblo« / 

REWIND 
MT 

MT = MT + 1 

2 
176 



177 



1 

READ 9 
Data Block 

iK = 1, Kmaxi 

REWIND 9 

kREAD 5|WRITE 
Card 

ParamvUrs 

T 
/ 

f     RETURN     J 

178 
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9 
DO 

Kl, 

0) 
KMAX ] 

1 READ 9 
Data 
Block 

Compute: 

TRAPV 
YDELTA 

Compute: 

MT-1f2 
(Nmod2) 

I 
WRITE MT 

Data 
Block 

<D 

179 



9 
REWIND MT 
MT = MT + 1 

REWIND MT 

^ 

180 

II '      .1      ■-■«■_ *H-" 



Sot: 

■14-1 

T 

C SETTPT ) 
DO (a 

J    JMIN. 
JMAX-1 

I 
Compute: 

SNOISE 

Sot: 

Bj4    1 

>  

\ r 

Sot: 

Bi4   0 

Compute- 

WDA 

^ 

181 
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Sat: 

NTPT - 1 

S*t: 

NTPT - 3 

T \ 

f     RETURN    J 
;\ 

182 

J 



r   STRAIN L   J 

Mov« 
Grid 

Points 

it. ») 

I 
Compute: 

Ai 
i     1.2.3,4 

I 
Compute: 

y 

Compute: 

I 
Compute: 

Ey 
Ei 
Ex 

f      RETURN      ) 

133 



GüüD 

Com put«: 

E 
Compute: 

AQ    0 

184 
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 ._. ^— 



FORCE 

I 
ENERGY 

) 

6 

185 
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FT 

Compute: 

P 
sss 

I 
Computa: 

DSS 
DSN 

I 
Find: 

SAVlO . 
MAX(DSS) 

I 
Find: 

SAV9- 
MAX(DSH) 

{      FORCE     J 

ENERGY 

I      RETURN      ) 
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., APPENDIX V 

COMPUTER LISTING 

POR APTON 2A c^» 

189 



(•MAX* 
»CNCIIIt 
FlNPYt 
ItBOT. 
KBt 
UXRBINt 
JMlNt 
KTt 
E S(5)» 
TINY A(5)t 
KSV(24)t 
FMLYRIlODt 

COMMON 
2 EPYf55)t 
3 FML2T(55)» 
% PY(55»f 
5 R4H(55), 
6 Ü2(55f2)» 
COMMON 

A 
1 
2 
3 
* 
5 
6 
7 
6 
9 
A 
1 
2 
4 
5 
6 
7 
8 

T1M£» 
SifcTPT. 
SMASSI» 
KTOPt 
CUT It 
UYLTINt 
JMAXt 

EIN* 
ALFA(5)t 
TINY B(5)» R 

YTERM(55)t 
FMLZRI101). 

EP2(55). 
LY1I55). 
PZ(3SI* 
21H(55). 
B(55»4) 

IIOTNM» 
$MZTPTt 
WONX» 
SMASSt 
TMAXi 
UYLBlNt 
UYRTIN* 
XMAXt 

RHOIN* 
ttIG A(5), 

NOTION* 

A2ACNCIINPUT»OUTPUT*TAPE»«il#OT* 
lTAPEf*TA«lO» 

MliO* 
SNUN2I* 
SKtTPT* 
&MSTPT* 
MAXN* 
CUT2* 
UYTIN* 
KMIN* 

TAPCMOUTPUT* TAPE! * TAPES* 

SUMIfe. 
PROtNO* 
QTNMN* 
UYBIN* 
UXLTIN* 
JL* 
UYIN* 

BIG b(» 
2ERO(»)*BETA(3) 

Y2TERMC55). 
VACANT(15 I 
A(55)» 
FMLYB(59)* 
LY2(55). 
RXH(55). 
22H(55)i 

JNMIN* 
SMOMY1* 
MMXE* 
OTNM* 
SPM* 
ÜYRBIN* 
UXTIN* 
J3* 

UXlNt 
)*  RCP V 
•  acoNc 
TA1(55)» 

SMYTPT 
SUMTt* 
CUTOFF 
OTNMPb 
UXLBIN 
UXRTIN 
JRt 

Htli 
»I* 

TA 

XNM1N* 
SMUMY* 
P1MPZ* 
N* 
DTNM2* 
UXB1N* 
KTM* 
JRM* 

XINTISI* 
t ZERU(d) 
SAVI12). 
2(55J» 

0IL(55I* 
FMLYTCSBI* 
LZKSS)* 
R2H(95)» 
Z3H(5»)* 

tPX<55). 
FML28(55I. 
LZ2C3»I* 
R3H(35lf 

UNMY(55*3 
ENM(39*5) 
PONMXX(95 
PONXY(35*3)* 

31* RWAE3Z(93 
E3Z(33*5) 
ETA(55.5) 
A4Y(55*5) 
A42(55»5) 
F4Y(59*3) 
F4»Z(53*5I 
FNNMX(55*3)» 
AW1(33*5) 
RXM(39*3) 
011(93*3) 
Pll(33*9) 
POX(99»9) 
COMMON 

2 XC» 

3) 

ICON* 
NOPA* 

RX(33*3)* 
UNPX(33*3)* 
EN(33*3)* 
P0NMXY(33*5)f 
PQNYY(33*3)* 
RMAE1Z(33*3)* 
E1Z(33*3)* 
A1Y(33*3)* 
A1Z(33*3)* 
F1Y(33*3)* 
F1Z(33*3)* 
NTPT(33*3)* 
FMNMY(33»3)* 
AW2(33*3)* 
RYM(33»3)* 
012(33*3)* 
P12(33*3)» 
POMX(33*3)* 

LINCT*  LX1* 
NEDIT*  NSIG* 

RY(33*3)* 
UNPY(33*3) 
PNM(33*3)* 
PONMYY(33* 
RWA3Z(33*3 
RH3Z(33*3) 
RHO(33*3)* 
A2Y(33*3)i 
A2Z(33*3)* 
F2Y(33*3)* 
F2Z(35*3)* 
FMSNZ(33*3 
FMNX(33*3) 
CMASS1(33* 
RXZ(33*3)* 
022(33*3)* 
P22(33*3)* 
VO(33*3) 

LX2* 
NMASS* 

3)* 
)* 

)• 

3)* 

UNMX(33*3)* 
FMASNM(33*3)* 
PN(93*3)* 
PONXX(33*3)* 
RWA1Z(33*3)* 
RH1Z(33*3)* 
VOL(53*3)* 
A3Y(33*3)* 
A3Z(33*3)* 
F3Y(53*3)* 
F3Z(33*3)* 
FMASN(33*3)* 
FMNY(33*3)* 
CMAS52(33*3)* 
RYZ(33*3)* 
0X(99*3)* 
PX(99*3)* 

LX4» LX3* LX3* 
NOMP 

AZQ(33)*TRAPV(33)•TRAPYh(101)*TRAPZH(101)•AY0(33) COMMON 
2»Y0ELTA(93) 
COMMON 51(33)»52(101) 
COMMON 6MU(33)*H(33)*BETAH(33)*ALFAH(33)*AMUBH(33)»AMUBMU(33)* 

2 ICASE(99) 
HANGES 

4 
4 
4 

34H REASON-ACTIVITY CHECK ON PRESSURE/) 
34H REASON-TAPE VERSION FOR 6600 /) 
34H REASON-NEW Q  DEFINITION AND TRANS/) 

WOTE 

STRAIN IS COUNTER CLOCK WISE.FORCE CLOCK WISE 

IN STRAIN AAB IS 1»/AAB 

190 
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FOÄUTIHHIAMO« 20  AXlALLY $r««fT«IC  CULUIAM// 
2 *H DATE Of  LAST  CHAUftC Ol-OS-AI// 
9 MH TIME IISO// 
« SAH REASON-TIME STEP SHOCK ONLY /I 

CALL AFTON 
STOP 
END 

/ 
y 

/' 

\ 

. —  ■ 
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«UMOUTIMC ACTIVE 

2 KtMAXt 
J SEMERI* 
4 FlMPYt 
5 KBOTt 
* KB» 
7 UXRBINt 
• JMIN» 
9 KT» 
A E sm. 
2 TINY AI5I» 
A ICSV(24}» 
5 FMLYRUCDt 
COMMON 

2 EPYI55), 
3 FMLiTCSSI» 
A PYC55)f 
5 RAH(55»» 
A Ü2l55t2»t 
COMMON 

A 
1 
2 
3 
A 
9 
6 
7 
8 
9 
A 
1 
2 
A 
5 
A 
7 
• 

TINE» 
SIETPTt 
SNASSI» 
KTOP. 
CUTl» 
UYLTINt 
JNAX» 

EIN» 
ALFA(5)» 

MIEC» 

SKETPT» 
SNSTPT• 
MAXN» 
CUT2» 
UYTIN» 
KMIN» 

ROTNM» 
SM2TPT» 
MONK» 
SMAS&» 
TNAX» 
UYLBIN» 
UYRTIN» 
KMAX» 

RHOIN» 
BIG A(5)» 

NOTION» 

SUMIE» 
PROBNO 
OTNMN» 
UYBIN» 
UXLTIN 
JL» 
UYIN» 
BIG B( 

TINY Bf5)» R 
YTERM(55)» 
FNLZRCIOI)» 

EP2i55)f 
LYl(55l. 
PZISSI» 
21HC55). 
6(55.A) 

ZERO(»)»BETAl» 
Y2TERNI»»)» 
VACANT(IS I 
A(55». 
FMLYB(55). 
LY2(55)» 
R1H(55), 
Z2Hf55)» 

JNMIN» 
SMOMYI» 
SUNKE» 
OTNM» 
SFM» 
UYRBIN» 
UXTIN» 
J3» 

UK IN. 
3)»  RCP V 
I»   QCONI 
TA1I35I» 

UNIN» 
SMVTPT» SMOMY» 
SUMTE» FINP2» 
CUTOFF» N» 
OTNMP3» 0TNM2» 
UXLttlN» UX0IN» 
UXRTIN» RTN» 
JR.    JRN» 

KINT(3)» 
S(3)»E 2ERO(5). 

3)»       SAva2)» 
TA2(33I» 

OlL(35)» 
FMtYT«35»» 
L21(53)» 
R2Hf55). 
Z3H(33)» 

EPXC33I» 
FMLZB(33)» 
LZ2(33)» 
R3H(33)» 
ZAH(»5)» 

t 99W? I • 

C33»9)/t 
(33»5)» 

UNMYI33»3)» 
ENM(33»3)» 
PONMXXI33.3)» 
PQNXY(39»3/» 
RWAE3Z(93»3)» 
E3ZI33»3}> 
ETA 
AAV 
AAZ(33»5)» 
FAY(55»5). 
FAZI33»9>» 
FMNMX(33»3)» 
AM1(33»5I» 
RXM(33»5)» 
Q11(33»9I» 
P11C35.5). 
POXf53»3)» 

COMMON ICON» 
2  KC» NDPA» 

RX(33»3)» 
UNPX(33»3}» 
EN(33»S)» 
PONMXY(53»5)» 
PONYYf33»3}» 
RWAE1Z(35»5)» 
E1Z(33»3)» 
A1Y(33»3)» 
A1Z(33»3)» 
F1Y(33»3)» 
F1Z(33.3)» 
NTPT(33»3}» 
FNNMY(33»3)» 
AM2(93»3)» 
RYN(33»3)» 
012(55.5). 
P12(35»3)» 
PONX(33»3)» 

LINCT»  LX1» 
NE01T»  NSI6» 

RY(55.5). 
UNPY(55.5 
PNN(53»5) 
PONNYY(33 
RWA3Z(33» 
RH3Z(53»5 
RHO(33»3) 
A2Y(33»3) 
A2Z(55.5) 
F2Y(35»5i 
F2Z(55.5) 
FMSNZ(55. 
FMNX(55.5 
CMASS1C55 
RXZ(55.5) 
022(55.5) 
P22(35»3) 
VO(55.5) 

LX2. 
NNASS. 

UNMX(55.5). 
). FNASNM(35.5). 
» PN(55»5). 
»3)» PONXXC33»3)» 
3)» RWA1Z(33»3)» 
)» RH1Z(55.5). 
» VOL(33»3)» 
» A3Y(55.5)» 
• A3Z(33»5)» 
• F3Y(55.5). 
. F3Z(53»5)» 
3)» FMASN(55.5). 
)» FNNY(33»3)» 
»3)» CNASS2(33»3). 
» RYZ(33»5)» 
» 0X(55.5)» 
• PX(55.5). 

LX3» 
NONP 

LXA. LX5. 

IF(KC.EQ«KNAX)GO TO 20 
L-LX1 
L2-LX2 
DO A JBJMIN.JMAX 
RWA1Z(J»L2)>0« 

A    RWAE12(J.L2)«0. 
3    00 10 J-JNIN.JMAX 

RWA3Z(J.L)«0. 
RWAE3Z(J»L)>0» 
UNPX(J»L)"UNMX(J»L) 
UNPYU»L)"UNMY(J»L) 
FMASN(J»L>"FMASNN(J»L) 
EN(J»L)*ENN(J»L) 
PN(J»L)*PNN(J»L) 
PONXX(J»U-PONMXX(J»L) 
PONXY(J»L)*PONMXY(J»L) 
PONYY(J»L)*PONMYY(J»L) 
POX(J.L)»P0MX(J.L) 
F3Y(J.L)«0. 

192 



FMfJfU«0* 
F«VfJtL)«0« 
F4ZIJ9LI-0* 
FNNXIJ^LI-FMMMXtJtL} 

10 FMMY(J*LI«FMHMVfJ»LI 
FNLYRUOaO« 
RETURN 

20 L-LX2 
60  TO 5 
END 

193 



SUM0UT1NC  AFTON 

2 KMAXt 
3 SENCRIt 
4 FlM^Yt 
5 KBOTt 
6 KB» 
7 UXRBIN» 
8 JMlNt 
9 JCTt 
A E  SIS)» 
2  TINY  A(»)» 
4» ICSV(24), 
9  FNLYRdOD» 

COMMON 
2  EPYCSSU 

FMLZT(55)» 
PY(55)» 
R4H(55)» 
U2155.2)» 

COMMON 
A 

UNMY(55,5 
ENM(59»9) 
PONMXX(55 
PONXY(l>5» 
RWAE3Z(55 
E32(55.5) 
ETA(55.5) 
A4Y(55»5) 
A42(55.5) 
F4Y(55»5) 
F42(55.5) 
FMNMXf55» 
AW1(55»5) 
RXMI55»5) 
üll(55»5) 
Pll(55»5) 
POX(95«9) 

COMMON       ICON« 
2  ICC» NOP A» 

TIME» 
SIETPT» 
SMASSI» 
KTOP» 
CUT1» 
UYLTIN» 
JMAX» 

EIN» 
ALFA(9)» 

NNEO» 
SMOM2I» 
SKETPT» 
SMStPT» 
MAXN» 
CUT2» 
UYTIN» 
KMIN» 

RPTNM» 
SM2TPT» 
MONK» 
SMASS» 
TMAX» 
UYLBIN» 
UYRTIN» 
KMAX» 

RHOIN» 
BIG A(9)» 

MOTION 
SM0M2» 
SUMIE» 
PROBNU 
OTNMN» 
UYfllN» 
UXLTIN 
JL» 
UYIN» 

BIG B( 
TINY 8(5). R 
YTERM(59)» 
FMLZR(lOl). 

EPZ(99)» 
LY1(99)» 
PZ(55). 
Z1H(99)» 
B(55»4) 

ZtRO(5)»BETA(5 
Y2TERM(55)» 
VACANT(15) 
A(55)» 
FMLYB(55)» 
LY2(55). 
R1H(55)» 
Z2H(55)» 

JBMIN» 
SMOMYI» 
SUMKE» 
OTNM» 
SFW» 
UYRBIN» 
•JXTIN. 
J3» 

UXIN 
5)•  RCP 
)•   QCON 
TA1(S5)» 

XBM1N» 
SMYTPT» SMOMY» 
SUMTfc» F1MPZ» 
CUTOFF» N» 
OTNMP5» OTNM2» 
UXLBIN» UXblN» 
UXRTIN» XTM» 
JR.     JRM» 

»     KINKS). 
V S(5).E ZERO(S). 
(5).   SAV(12). 

TA2I55)» 

OlL(95)» 
FMLYT(55)» 
LZ1(55)» 
R2H(55)» 
Z3H(99). 

EPX(J>5). 
FMLZB(55)» 
LZ2(55)» 
R3H(55). 
Z4H(55)» 

5)» 
)» 
5)» 

) 

RX(55.5). 
UNPX(99»9)» 
EN(99»9)» 
PONMXY(99»5)» 
PONYYC95.5). 
RWAE1Z(99»5)» 
E1Z(55»5)» 
A1Y(59»9)» 
A1Z(55»5)» 
F1Y(59»9)» 
F1Z(99»9)» 
NTPT(55»9)» 
FMNMY(55»5). 
AW2(55»5)» 
RYM(55»5)» 
012(55.5). 
P12(55.5). 
PQMX(99»9)» 

LINCT»  LX1» 
NEOIT»  NSIG. 

RY(55.5). 
UNPY(99»9 
PNM(55.5) 
P0NMYYI55 
RWA3Z(99» 
RH3Z(59»9 
RHO(55»9) 
A2Y(99»9) 
A2Z(55»9) 
F2Y(55»9) 
F2Z(99»9) 
FMSNZ(99• 
FMNX(99»9 
CMASS1(99 
RXZ(95.5) 
022(99.9) 
PP2I99.9» 
V0(5S«9) 

LX2» 
NMASS» 

)» 
» 
»5)» 
9)» 
)• 
» 
» 
» 
* 
» 
9)» 
)» 
»9). 
• 

» 

» 

UNNX(99»9)» 
FNASNM(99»5)» 
PN(55.5). 
P0NXX(55.5). 
RWA1Z(99»9)» 
RH1Z(95.5). 
V0L(55»5)» 
A3Y(55.5). 
A3Z(55.5). 
F3Y(55»5). 
F3Z(55.5). 
FNASN(55»5)» 
F>INY(55»5)» 
CMASS2(55.5). 
RYZ(55.5)» 
OX(59.5). 
PX(55.5)» 

LX4. LX5. LX3» 
NDMP 

AZQ(99)»TRAPV(59)»TRAPYH(101}»TRAPZH(101).AYO(99) COMMON 
2»YOELTA(55) 
COMMON 51(55)»52(101) 
COMMON GMJ(55)»H(55)»BETAH(55)»ALFAHC55).AMUBH(55).AMUBMU(55). 

2 ICASE(55) 

NOMP«0 
REWIND 
REMIND 
REWIND 
REWIND 

9 
10 
1 
3 

10 

20 

30 
31 

READ(5.1)ICON 
IF(ICON.EO.O) 60 TO 20 
CALL RSTART 
NSIG»! 
GO TO 32 
CALL REDGEN 
GO TO (30.4).NMASS 
NSIG"! 
T1ME*T1NE+0TNH 
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•NKI 
32 SAVIf|>0» 

SAVflO>«0* 
MOPA-0 
NEOIT-0 

C TEST  FOR  END OF PROBLEM 
33   IF(N.6E.MAXN)   60  TO  65 

IF(TIME*6E«TMAX) GO TO 63 
C -^TEST FOR FORCE OFF 

IF(SENSE SWITCH 1165.40 
C TEST FOR FORCE TO NEXT PROBLEM 

40 IFfSENSE SWITCH 2 ) 86t50 
C TEST FOR EDIT 

50 IF(KSV(A)*GT«0) 60 TO 90 
IFtlCSV(5)«6T.O) 60 TO 95 

51 IF(SAV(l)«GT.O) 60 TO 100 
C TEST FOR DUMP 

52 IF(KSV(8)«6T«0) 60 TO 105 
53 IF(SAV(3)*6T«0) GO TO 110 

C FOR GENERAL COORDINATE SYSTEM 
55 IF IMOTION«EO«2)  60 TO 56 

CALL FLOW 
60 TO 57 

56 CALL FLOW L 
57 CONTINUE 

C TO CHAN6E OT 
KSV(U)«KSV(16) 
XSV(15)-KSV(19) 
KSVU6)«KSV(20) 
KSV(17)>KSV(21) 
SAV(7)«SAV(9) 
SAVI8)-SAVa0) 
IFISAV(9)«6T«SAV(10)I 60 TO 60 
IF(SAV(10)«E0«0) 60 TO 62 
DTNMN»l«/U.*SORTISAV(10n I 
60 TO 61 

60 0TNMN»l./U.»SORT(SAV(9m 
61 STEPMAX«1*05*DTNM 

IF(0TNMN«6T«STEPMAX)DTNMN«STEPMAX 
DTNM>DTNMN 
DTNMP5>«5*DTNM 
DTNM2>2**DTNM 
CUT1«DTNM«CUT0FF 
CUT2«DTNM2»CUTOFF 
R0TNM«1./DTNM 

62 GO  TO   (31»115.4.4)fNSIG 
65  NSI6-3 

IF(KSV(2)«EQ.O)  60  TO 75 
70  NDPA-1 
75 IF(<SV(1).E0.0)   60   TO  80 
76 NEDIT-1 

60 TO 55 
80  NEDIT>-1 

60  TO 55 
85 NSI6-2 

60  TO 70 
86 NSIG-3 

60  TO 70 
90  XSVC4)>XSV(4)-1 

60  TO  102 
95   IF(N«LT*KSV(6II   60   TO  51 
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60  TO  101 
100 IF(ITIMC<f.MOTNMULT«SAVf2)100  TO  »2 

SAVI2)«SAVt2)«SAVfl) 
101 ICSVf4)»KSVf7)-l 
102 NEDIT-1 

GO TO J2 
105 IF(M«LT.KSV(9)) GO TO 53 

KSV(9)»ICSVf9)-*-K$VfS) 
60 TO 111 

llü IF((TIME+.5»DTNH).LT«SAV(4n 60 TO 55 
SAV(4)»SAV(4)-fSAV(3l 

111 NOPA «1 
60 TO 55 

115 END FILE 10 
REWIND 10 
STOP 

1 FORMAT!16) 
2 F0RMAT(1H0»E16*7/) 

END 
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SUMOUTIME tOUflO 
COMMOM 

2 KBMAX» 
SENERIt 
FIMPY. 
KBOTt 
It« 
UXRblNi 
JMIN» 
RTi 
E S(5)t 
TINY A(5). 
(CSV (24)» 
FMLYRdODt 

COMMON 
2 EPY(S5)f 

FML2T(55). 
PY(S5)t 
R4H(55). 
U2(53t2)t 

COMMON 
A 

UNMY(55.5)» 
ENM(55»5). 
PONMXX(55»5)f 
PQNXY(55f5). 
RWAE32(55.5)» 
E32(55.5)f 
ETA(55i5)» 
A4Y(55i5)» 
A4Z(55t5)f 
F4Y(55.5)t 
F42(55f5). 
FMNMX(55.5). 
AWl(55f5)f 
RXM(53»5)> 
QU(55t5)f 
Pll<55f5)» 
PQXC55f5)t 

COMMON   ICONf 
2 ICC»     NOP A» 

1 
2 
3 

5 
6 
7 
8 
9 
A 
1 
2 
A 

6 
7 
S 

NREG» 
SMOMZ1» 
SKETPT» 
SMSTPTt 
MAXN» 
CUT2« 
UYTIN» 
KM1N, 

TIME» 
SIETPT. 
SMASSI• 
KTOP» 
CUTl» 
UYLTIN» 
JMAX» 

EIN» 
ALFA(5)» 
TINY B(5)f R 
YTERM(55)» 
FML2RU0U . 

EPZ(55)» 
LY1J55). 
PZt55). 
21H(55J» 
B(55»4) 

ROTNM» 
SM2TPT» 
WORK» 
SMASS» 
TMAX» 
UYLBIN» 
UYRTIN» 
KMAX» 

RriOIN» 
BIG A(5). 

MOTION» 
SHOM2» 
SUMIE» 
PROBNO» 
OTNMN» 
UYBIN» 
UXLT1N. 
JL» 
UYIN» 
BIG B(5 

2ERO(5)»BETA(5) 
Y2TERM(55)» 
VACANT!15) 
A(55). 
FMLYB(55)» 
LY2(55). 
R1H(55), 
22H(55). 

JBMIN» 
SMOMYI. 
SUMKE» 
OTNM» 
&FW» 
ÜYRBIN» 
UXTIN» 
J3» 

UXIN 
)» RCP 
»   OCON 
TA1(55). 

SWYTPT» 
SUMTt» 
CUTOFF, 
OTNMP»» 
UXLBIN» 
UXRTIN» 
JR» 

RtMIN» 
SMOMY» 
FIMP2» 
N» 
DTNM^» 
UXB1N» 
XTM» 
JRM» 

»      KINT(S)» 
V S(5)»E 2ERO(i>) 
(3)»   SAVIU). 

TA2I5>5)» 

OlLtdd)» 
FMLYTC55)» 
L21(55)# 
R2H(55). 
Z3HIS5)» 

EPX(bft)» 
FMLZBIS5)» 
LZ2(55)» 
R3H(33»» 
ZAH(55)» 

RX(55»5)» 
UNPX(55f5). 
EN(55»5»» 
PONMXY(55»5)t 
PQNYY(55»5)» 
RWAE12(55.5I. 
E12{55,5)» 
A1Y(55»5)» 
A1Z(55.5). 
F1Y(55.5)» 
F1Z(55»3)» 
NTPT(55»5)» 
FMNMY(55»5). 
AW2(55»5). 
RYM(55t5)» 
012(55.5)» 
P12(55.5)» 
PQMX(55»5)» 

LINCT»  LX1» 
NEDIT»  NS16» 

RY(55»5). 
UNPYf55»5) 
PNM(55»5)» 
PQNMYY(55» 
RWA3Z(55»5 
RH3Z(55»5) 
RHO(55.5)» 
A2Y(55»5)» 
A2Z(55.5). 
F2Y(55»5)» 
F2Z(55»5)» 
FMSNZ(55.5 
FMNX(55»5) 
CMASS1(55» 
RXZ(55.5). 
022(55,5)» 
P22(55»5). 
V0(55»5) 

LX2» 
MMASS» 

5). 
)» 

)» 

9)» 

UNMX(55»5)» 
FMASNH(5b»5)» 
PN(55»5), 
PQNXX(55.5)» 
RWA1Z(55.5)» 
RH1Z(55.5)» 
VOL(55»5)» 
A3Y(55»5). 
A3Z(55»5)» 
F3Y(55»5)» 
F3Z(55»5)» 
FMASN(55»5)» 
FMNY(55.5)» 
CMASS2(55»5). 
RYZ(55»5)f 
OX(55»5). 
PX(55»5)» 

/ 

LX5. LX3» LXA» 
NDMP 

AZQ(55 ) »TRAPVI 55) »TRAPYHC101) »TRAPZH( 101) »AYO( 55 ) COMMON 
2»Y0ELTA(55) 

COMMON 51(55)»S2(101) 
COMMON  GMU(55)»H(55)»BETAH(55)»ALFAH(55)»AMUBH(55)»AMUBMUt55)» 

2   ICASE(55) 

IF(ICC.GT.l)   GO  TO  50 
10 J-JMIN 
19 CALL  HORTPT 

WX*UXLBIN 
WY-UYLBIN 
RH1Z(J»1)«RH0IN 
lUUtllatm 
TRAP«.5«(RX(J»1)*RX(J+1,1)) 
AX«RY(J'fl»l)-RY(J»l) 
AY«RX(J»1)-RX(J<*>1»1) 
RWA1Z(J,1)«RH1Z(J»1)*TRAP»(WX»AX+WY»AY) 
RWAE1Z(J»1)-RWA1Z(J»1)#E1Z(J»1) 
FMASN(J »1)«FMASNM(J»1) + <RWA3Z(J »1)-RWA3Z(J+l»1)-RWA1Z(J »1)♦ 

2 RWA1Z(J»2))*DTNM 
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lFlt*A*iM^l: )i*»Utl7 
U MCOIT«! 

NSI6-4 
HftITEU*2O0lJ»FMASMIJtlI 

17 GO  TO(22t20t21)fMOTIOM 
20 FMASN(Jtl)«FMAS*M(J.l) 
21 RXIJtl)«RXM(Jfl)4UNMXCJtl}*0TNM 

RY (J• 1) «RYHC J» 1 KUNMY (J» 11 «OTDtM 
22 JL-J-H 

DO  40  J«JL.JR 
GO   TO   (24f27f24),MOTION 

24 WX»UXBIN 
WY«UYBIN 
RH12(J»l)«RHOIN 
ElZ(Jtl)*EIN 
TRAP« • 5* (RX (J11 KRX C J-fl 11)) 
AX«RY(J+lfl)-RY(J.l) 
AY-RXCJtD-RXU+i.ll 
RWA1Z(J11) *RH1Z(J•1)»TRAP*(WX*AX+WY»AY) 
RWAE12(J•1)«RWA12(J.1)»£1Z(J11) 
FMASN(Jtl)«FMASNM(J.l)+(RwA3Z(Jfl)-RWA3Z(J+lfl)-RWAlZ(J»l)+ 

2 RWAlZ(Jt2))*DTNM 
IF(FMASN(J»l))25t23>26 

25 NEOIT«! 
NSIG-4 
WRITE(6t200)JfFMASN(Jtl) 

26 GO TO (40t27.28).MOTION 
27 FMASN(J»1)«FMASNM(J»1) 
2t RX(J11)«RXM(Jt1)+UNMX(J.1)«DTNM 

RY(J,l)«RYM(J.l)+UNMY(J•1)»DTNM 
4U CONTINUE 

J«JHAX 
GO TO (42»41f41)»MOTION 

41    RXU»1)»RXM(J»1)+UNHX(J»1)*0TNM 
RY(J »1)«R YM(J »1)+UNMY(J»1)»DTNM 

^2    CALL STRESS 
J-JMIN 
UNPX(J»1)*UXLBIN 
UNPY(J»1)»UYLBIN 
CMASS1(J »1)«AW1(J »1)«YTERM(J)»RHO(J * 1) 
CMASS2(J«l)«AW2(J>l)*Y2TERM(J)*RHO(J,l) 
FMSNZ(J»1)*«5*CMASS2(J*1) 
FMNX(Jtl)«0. 
FMNY ( J • 1) -FMSNZ ( J . 1) ♦   (UNMY ( J11) -»-UNPY ( J, 1) ) 
JL*J>1 
DO 43 J»JL»JR 
UNPX(J*1)-UXBIN 
UNPYfJ»1)»UYBIN 
CMASSl(J«l)«AWl(J*l)*YTERM(l)*RHO(J.l) 
CMASS2 ( J • 1) »AW2 ( J »1) •Y2TtRM (1) «RHO(. J»1) 
FMSNZ( J.1)«.5»(CMASS1( J-l.D+CMASSZlj,!) ) 
FMNX(J.1)=FMSNZ(J,1)    • (UNMXfJ, 1)+UNPX-( J. 1) ) 

45 FMNY(J*1)"FMSNZ(J>1)    «(UNMY(Jt1)♦UNPY<J,I)) 
J-JMAX' ' 
UNPX(J»1)«0.0 , ' .. « 
UNPY(J»1)«UYRBIN 
FMSNZ(J.1)*.5*CMASS1(J-l.l) 
FMNX(J*1)*0« 
FMNY(J«1)"FMSNZ(J »1)    *(UNMY(J•1)+UNP Y ( J. 1) ) 

46 CALL   CONSCX 
RETURN 
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50   L«LX1 
L2-LX2 
LMLIS 
00  500   J»JHIN»JMAX 
RHO(J»L2)«0«0 
PN   (JfL2)»0.0 
FMASN(JfL2»«0.0 
ETA(J»L2)*0«0 
EN   (JtL2)«0.0 
RH3Z   (J»L2)«0«0 
RMA3Z(J»L2)«0«0 
£32      (J.L2)«0.0 

5UÜ       RWAE3Z(J.L2)«0.0 
501        CALL   HORTPT 

00  502   J«JMINtJR 
WX«UNMX(JtL2)*UNMX(J+1.L2) 
WY«UNMY(J»L2I+UNMY(J+1»L2) 
RH1Z(J«L2)»RH0(J*L) 
E1Z(JtL2)«ENMCJ*L) 
rRAP»,25»(RX(J»L2)+RX(J+1.L2)) 
AX»RY(J-»-lfL2)-RY(J»L2) 
AY-RX(J.L2I-RX(J+l»L2) 
RWA1Z(JtL2)-RH1Z(JtL2)»TRAP»<WX»AX*WY»AYI 

5U2   RWAElZ(JtL2)»RWAlZ(JfL2)*ElZ(J*L2) 
CALL MASS 

5Ü<»   CALL STRESS 
CALL NEWU 
CALL CONSCK. 
J'JMIN 
KCaftMAX 

505   UNPX(J*L2)-UXLTIN 
UNPY(JtL2)«UYLTIN 
FMSNZ(J»L2)«.5»CMASS2(JfL) 
FMNXCJtL2)«0.0 
FMNY(J.L2)»FMSNZ(J»L2)   •(UNMY(JtL2)+üNPY(J»L2)) 

51    JL«J*l 
00 80 J-JLtJR 

56    UNPX(J»L2)«UXTIN 
UNPY(J.L2»«ÜYTIN 
FMSNZ(J.L2)«.5»(CMASSl(J-lfL)*CMASS2(JfL)) 

60 FMNX(JtL2)>FMSN2(J*L2)   •( UNMX ( J.L2 )-fUNPX (J»L2 ) ) 
FMNY(J.L2)»FMSNZ(J.L2)   • ( UNMY ( Jt L2 J-^UNPY < J»L2 I» 

80 CONTINUE 
90 J-JMAX 

UNPX(JtL2)-0« 
UNPY(JtL2)*UYRTlN 
FMSNZ(JtL2)-•5*CMASS1(J-1*L) 
FMNX(J*L2)«0*0 
FMNY(J»L2)»FMSNZ(J.L2)   •(UNMY(JtL2)+UNPY(JtL2)) 
CALL CONSCK 

100 RETURN 
200   F0RHAT(7H0F0R J«»I6»8H ANO K-t>2tl0H THE MASS»iE17*9f 9H IN EURüR) 

END 

I 
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TIME* 
SIETPT. 
SMASSIt 
KTOPt 
CUT1» 
UYLTIN» 
JMAX* 

EIN* 
ALFA(3)* 
TINY 8(5). 

SUBROUTINE CONSCK 
COMMON 

2 KBMAX* 
3 SENERI* 
k  FIMPV* 
3 K60T* 
6 ICÖ. 
7 UXRBIN* 
8 JHIN* 
9 ICT. 
A  E  S(5). 
2   TINY  A(5). 
4 iCSV(24)( 

5 FMLYRdODt 
COMMON 

2 EPY(55), 
3 FML2T(55)* 
4 PY(55). 
5 R4H(55). 
6 U2(33*2)* 

COMMON 
A 
1 UNMY(55.5)? 
2 ENM(55*M» 
3 PQNMXX(5J*5) 
4 PONXY(55*5)» 
3 RWAE3Z(55.5) 
6 E3Z(53*3)* 
7 cTA(55.5). 
8 A4Y(55»5). 
9 A4Z(55»5). 
A  F4Y(55»5). 
1 F42(55.5). 
2 FMNMX(55»5). 
4 AW1(55.5). 
5 RXM(55.5). 
6 011(53*5)* 
7 Pll(53*5)* 
8 POXi35*5)* 

COMMON 
2   KC* 

COMMON 

NREG* 
SMOMZI* 
SKETPT* 
SMSTPT* 
MAXNi 
CUT2* 
UYTIN* 
KMIN* 

ROTNM. 
SMZTPT* 
WORK* 
SMASS* 
TMAX* 
UYLblN* 
UYRTIN* 
KMAX* 

RHOIN* 
BIG A(3)* 
R 

MOTION* 
SMOMZ * 
SUMIE* 
PROBNO* 
DTNMN* 
UYBIN* 
UXLTIN* 
JL* 

UYIN* 
BIG  B(3 

YTERM(33)* 
FMLZRdOD* 

EPZ(53) 
LY1(35) 
PZ(33)* 
Z1H(55) 
8(55,4) 

ZERO(3)*BETA(3) 
Y2TERM(33)* 
VACANT(13) 
A(35)* 
FMLY8(55)» 
LY2(35), 
R1H(53)» 
Z2H(33)* 

JBMIN*     JBMAX*     KBMIN* 
SMOMYI»   S'YTPT*   SMOMY* 
SUMKE*     bJMTE*     FIMPZ* 
DTNM*       CUTOFF«   N* 
SFM* 0TNMP3t   DTNM^* 
UYRBIN*   UXLbIN*   UXttIN* 
UXTIN*     UXRTIN«   KTM* 
J3* JR* JRM* 

UXIN* KINT(5). 
)*     RCP  V  S(3)*E   ZER0(5). 
*        QC0N(5).        SAV(12)* 
TA1(55). TA2(55). 

OlL(55). 
FMLYT(33). 
LZ1(35)* 
R2H(35). 
Z3H(55)* 

EPX(33)* 
FMLZB(35). 
LZ2(55). 
R3H(55). 
Z4H(55)t 

ICON* 
NOP A* 

RX(33»3)* 
UNPX(33*3)* 
£N(55*5)* 
PQNMXY(53*3)« 
PONYY(55*5)* 
RWAE1Z(53*3)* 
E1Z(55»3), 
A1Y(33*5)* 
A1Z(33»3)* 
F1Y(33.3)* 
F1Z(55,5), 
NTPT(55*5)* 
FMNMY(55*5)» 
AW2(53*5)* 
RYM(55*3)* 
012(35*3)* 
P12(33*5)* 
PQMX(35*3)* 

LINCT*     LX1* 
NEOIT*     NSIG* 

RY(55»5), 
UNPY(55.5). 
PNM(55f5)i 
PONMYY(55,5), 
RWA3Z(35*5)* 
RH3Z(55,5), 
RHO(55,5), 
A2Y(55,5), 
A2Z(55,5). 
F2Y(35,5), 
F2Z(55,5), 
FMSNZ(55*5), 
FMNX(55,5), 
CMASS1(55»3)* 
RXZ(55,5), 
022(55,5)* 
P22(55,5), 
V0(55*5) 

LX2* 
NMASS* 

UNMX(55*5)* 
FMASNM(33*5)* 
PN(55*5), 
PQNXX(55*5), 
RWA1Z(55,5), 
RH1Z(55*5), 
V0L(55.5), 
A3Y(55,5), 
A3Z(55*3)» 
F3Y(55*5), 
F3Z(55*5)* 
FMASN(55*5), 
FMNY(53*5), 
CMASS2(55,5), 
RYZ(55»5), 
0X155*5)* 
PX(53*3)* 

LX3* LX3, LX4* 
NOMP 

AZO(55),TRAPV(55)*TRAPYH(101)*TRAPZH(101)*AYO(55) 
2,YDELTA(55) 

COMMON  SI(55),52(101) 
COMMON  GMU(55)*H(55)*6ETAH(55),ALFAH(55) 

2   ICASE(53) 
DIMENSION US0(2) 

*AMUBH(35)*AMUBMUt 53)* 

IFOCC.GT.l) GO TO 10 
L«LX1 
L2«LX2 
L5«LX5 
J-.IMIN 
JL«J*1 
JLFFT-1 
JRIGHW 
TFXY«0. 
TFXZ-O. 
STEM»SENERI 
KL«1 
XU*2 
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&UMie«EN(Jfl)«FMASN(J.l) 
U2(Jtl)«UNMX(J»l»»üNPX(J.l)^UNMY(J,l)»ÜNPy(JflJ 
SUMKE-O« 
SH0MY«FMNX(J»1) 
SM0M2»FMNY(Jtl) 
SKETPT>Oa 
SMYTPT-O, 
SMZTPT-O. 
60 TO (lt2tll»M0TI0N 
SMASS*FMASN(J»i) 
IF(SMASS.LT.O) WRITE(6tllO) N.J.KCt(FMASN(ItL)»FMASNHiI.L) 

2tRWAlZ(ItL)»RWAIZ(ItL2)tRWASZtItL)fRWA3Z(U1*L)tI>JMINtJMAXI 
SMSTPT»RWA1Z(J»1} 
SIETPT-RWAElZ(Jffl) 
US0(JLEFTJ«UNMX(J.l)«#2+UNMY(Jtl)»*2 
FXMST * 0. 25*(RWA1Z(J*2) ♦ RWAIZiJ»1))*TA2(J) 
FXTX « FXMST    «(UNMXUiZ) •*■ UNMXfJtlM 
FXTY » FXMST    ♦(üNMY(Jt2) + UNMYUtlll 
FXMSB «TA2(J)*RWAlZIJtl) 
FXBX « FXMSB»UNMX(Jtl) 
FXBY • FXMSB*UNMY(Jtll 
FXMSL ■ 0.5»RWA3Z(Jtl) 
FXLX   -   FXMSL*UMMXIJfl) 
FXLY   •   FXMSL»UNMY(Jtl) 
FXMSR   •  0«125*(RWA3Z(Jtl)   ♦  RWA32(J+l.in 
FXRX  •  FXMSR «(UNMXtJfl)   ♦ UNMXCJ*1.1)) 
FXRY ■ FXMSR    »(UNMY(J.l) ♦ UMMYC J-i-l tl I) 
TFXY«FXLX-FXRX+FXTX-FXBX 
TFXZ-FXLY-FXRY4FXTY-FXBY 
FMLYB(J)«-F2Y(Jtll-TFXY 
FML2B(J)-(FMNY(J.l)-FMNMY(J.l))«R0TNM-F2Z(JtL)-TFXZ 
FIMPY«FMLYB(J) 
FIMPZ>FMLZB(J) 
WORK»FMLYB(J)»UNMX(J.l)+FMLZB(J)*UNMY(Jf 1) 
00 5  J-JL»JR 
SUMIE-SUMlEt-EN(J»l)*FMASN(Jfl) 
U2(Jtl)*UNMX(J»l)*UNPX(JtlKUNMY(J»l)*UNPY(Jtl) 
SMOMY«SMOMY+FMNX(J»1I 
SM0MZ-SM0MZ4-FMNY ( J11) 
60 T0(3»4»3)tMOTION 
SMASS«SMASS+FMASN(J11) 
IF(SMASS.LT.O) WRITE(6tllO) NiJ.XCt<FMASN(I.L)»FMASNMlI»L) 

2*RWAlZ(I*L)fRWAlZ<IfL2)»RWA3Z(I»L)*RWA3ZU4l»L)fI-JMIM»JMAX) 
SMSTPT-SMSTPT-^RWAIZ (J* 1) 
SIETPT«SlETPT+RWAElZ(Jfl) 
USQ(JRI6HT)«UNMX(Jtl)**2*UNMY(Jfl)»»2 
SKETPT«SKETPT+RWA1Z(J-1»1)»(US0(JLEFT»*USU(JR16HT)) 
SMYTPT«SMYTPT+RWAlZ(J-l»l)»(UNMX(J-l»l)*üNMX(JtlH 
SMZTPT«SMZTPT*RWAlZ<J-ltl)»(ÜNMY(J-ltl»4.UNMYIJtll» 
JLEFT-JRI6HT 
JRI6HT«M0D(JLCFT*2)-*-l 
FXMST««25*(TAl(J-l)*(RWAlZIJ-lf2)^RWAlZIJ-lfl))-*-TA2(J)* 

2 (RWAlZ(J»2)+RWAlZ(J*im 
FXTX « FXMST    ♦(UNMX(Jf2) ♦ UNMXIJtl)) 
FXTY ■ FXMST   •(UNMY(Jt2) ♦ UNMY(JtlM 
FXMSB«TAl(J-l)»RWAlZ(J-l.l)+TA2(J)»RWAlZ(Jtl) 
FXBX ■ FXMSB*UNMX(Jffl) 
FXBY « FXMSB»UNMY(Jtl) 
FXLX « FXRX 
FXLY ■ FXRY / 

FXMSR • 0*125*(RWA3ZIJ*1) + RWA3Z4J+l•! ) ) 
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FXRX   •   FXMSR »CUNMX(J.l)   ♦  UNMX(J-Htin 
FXRY   ■   FXMSR »(UNMYIJ»!)   ♦  UNMY(J+l«in 
TFXY«FXLX-FXRX*FXTX-FXÖX 
TFXi«FXLY-FXRY*FXTY-FX8Y 

h FMLYB(J)«(FMNX(Jtll-FM*iMXIJtin*RDTNM-FlYU-l»l)-F2Y«J»l)-TFXY 
FMLZB(JI«(FMNY(J.l»-FMNMYIJfl))»RDTNM-FlZ<J-l»l)-F2ZCJ.l)-TFXZ 
FIMPY«FIMPY*FMLYB(J) 
FIMPZ«FIMPZ^FMLZB(J) 

5 M0RK«WORK^FMLYB(J)*UNMX(Jfl)-fFMLZB(J)*UNMYfJil) 
J«JMAX 
U2(J.l)»UNMX(Jfi)*üNPXUtl)+UNMY(J.i)»UNPY(J»l) 
SMOMY«SM0MY4-FMNX ( J• 11 
SMOMZ■SMOMZ+FMNY(J111 
60  TO   (6,7t6)fM0TI0N 

6 USQ(JRIGH T)«UNMX(J11)♦♦2+UNMY(J•1)**2 
SXETPT«SKETPT4>RMAlZ(J-l*l)*(USO(JLEFT>4-USU(JRIGNTn 
SMYTPT«SMYTPT*RWAlZ(J-l»l)»(UNMX(J-l,l»*UNHXCJtin 
SHZTPT»SMZTPT+RWAlZ(J-l»l)*(UNMY(J-l»l)+UNMY(J»in 
FXMST».   25»(RWA12(J-i»2)+RWAlZ(J-l.l))»TAl(J-l) 
FXTX»FXMST*(UNHX(J»2)-*-UNMX(J*ln 
FXTy«FXMST»(üNMY(J»2)*üNMY(J.ln 
FXMSB«       RWAlZ(J-ltl)   «TAKJ-ll 
FXBX «FXMSB'UNMX(J11) 
FXBY»FXMSB*UNMY(Jfl) 
FXLX-FXRX 
FXLY»FXRY 
FXMSR«*5*RWA3Z(J*1) 
FXRX•FXMSR»UNMX(J•1) 
FXRY■FXHSR'UNMY(J11) 
TFXY-FXLX-FXRX-t-FXTX-FXBX 
TFXZ«FXLY-FXRY+FXTY-FXBY 

7 FMUYB(J)«-F1YIJ-Itl)-TFXY 
FML2B(J)«(FMNY(JtL)-FMNHY(J.l))»R0TNM-F12(J-l#Xl-TFXZ 
FIMPY«FIMPY*FMLYB(JJ 
FIHPZ-FIMPZ^FMLZB(J) 
WORK «W0RK4-FMLYB (J) «UNMX (J11)-»-FMLZB (J) »UNMY (J11) 
60  TO   100 

10 IFUC.EQ.XMAX)   60  TO  39 
L«LX1 
L2-LX2 
L5-LX5 
J*JMIN 
JfJMIN^l 
JLEFT-1 
JRI6HT-2 
TXXY«0 
TXXZ«0 
SUMIE«SUMlE-*-EN(J*L)*FMASN(J*L) 
U2(J»Xü)«üNMX(J.L)»UNPX(JfL)"t-UNMY(J»L)*UNPY(J»L) 
SMOHY«SMOMY-*-FMNX( Jt LI 
SM0M2«SM0MZ-*'FMNY(JtL) 
60  TO(15,20»15).MOTION 

15 SHASS»SMASS+FMASN(JfL) 
IF(SMASS.LT.O)   WRITE(6»110)   NtJtKC«(FMASNU»D»FMASNMiI»L) 

2fRWA12(IfL)fRWAlZ(I»L2)»RWA3Z(ItL).RWA32(I*l,L)tI«JMINtJMAX) 
20 IF((KC.LT«XBCT)*0R«(XC«6T.iaOP))GO  TO 25 

FXMST   *   0*   25*(RWAlZ(JfU   ♦  RWA12(J»L2   ))*TA2(J) 
FXTX   «   FXMST «(UNMXtJtLl   +  UNMX(J,L2   )) 
FX.Y   »   FXMST »(UNMYJJtL)   ♦  UNMY|JtL2   )) 
FXMSB  •   0«   25*(RWA1Z(J»L)   ♦  RWA1Z(J*L5   ))»TA2(J) 
FX6X   >   FXMSB »(UNMXUtU   ♦  UNMX(JtL5   1) 
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FXBY   -  FXMSB «(UNMYiJ.L)   ♦  UMMYUtL»   )1 
FXMSL  -   0*5*|RWA3Z(J»L)   ♦ RWA3Z(J»L9   )) 
FXLX   -   FXMSL»UNMX(J.L) 
FXLY   «  FXMSL*UNMY(J*L) 
FXMSR   -   •12$*(RMA32(JffL)   ♦  RWA3Z(J^1,L)   ♦  RWA3Z(J»L»   )   ♦ 

1 RWA3Z(J<i-lflL5   )) 
FXRX   ■   FXMSR •(UNMX(JfL)   ♦   UNMXCJ-HtLII 
FXRY   >  FXMSR «MUNMYUtU   *  UMMY( J41»L|) 
TFXY-FXLX-FXRX+FXTX-FXBX 
TFXZ«FXLY-FXRY*FXTY-FXBY 
WRITE(6tl08) 
STOP 

25 DO  34  J«JL»JR 
SUMIE«SUMlE-«-EN(J.L)»FMASN(J.Ll 
ü2(JfKÜI«UNMX(JfL)*UNPX(JfL)*UNMY(JfL)»üNPY(J.L) 
SUMXE«SUM»;E*.5*(CMASSl(J-l.L5)»(U2(JflCL)-fU2(J.KUn*CMASS2(J-l»Lf>)* 

2 iU2(J-l*ICU+U2(J-l*KUm 
SMOMYkSMOMY'fFMNXf JtL) 
SMOMZ*SMOMZ-*-FMNY(JtL) 
60 T0{30»34.30).MOTION 

30   SMASS«SMASS+FMASN(J»L) 
IF(SMASS.LT.O) WRlTE(6tllO) NtJ.XCt (FMASNIItL)»FMASMMCI.L) 

2*RMAlZ(ItUtRMAlZ(I»L2)»RWA32(ItL)*RWA32(l+lfUflOMIN*JMAX) 
Ö   CONTINUE 

J-JMAX 
U2(J.KU)«UNMX(J.L)»UNPX(J.L)*ÜNMY(J.L)»UNPY(J#L» 
SUMKE«SUMKE*.5*(CMASSl(J-l»L5)»(U2(J.XL)4U2(J»XÜ)I*CMASS2(J-ltL5)« 

2      (U2(J-ltKU+U2(J-l«KU)n 
XL-XU 
XU>M00(KLf2}4-l 
SMÜMY«SMOMY<*>FMNX (J f L) 
SMOMZ • SMOMZ *-FMN Y (J t U 
FIMPY«FIMPY*FMLYR(XCI 
FIMPZ«FIMPZ4-FMLZR(KC) 
WORK*WORK>FMLYR(XC)*UNMX(JtL)^FMLZR(KC)*UNMYfJfL) 
GO  TO  100 

39 L-LX2 
L9>LX1 
J-JMIN 
JL*JMIN<*>1 
JLEFT«! 
JRIGHT-2 
TXXY-0 i 
TXXZ-0 

40 U2(JtKU)>UNMX(JtL)*UNPX(J»L)+UNMY(J»U*UNPY(JfL) 
SMOMY«SMOMY-*>FMNX (J • L) 
SMOM2«SMOMZ-*-FMNY( JtL) 
60   T0(45,50•45).MOTION 

45 SMSTPT-SMSTPT-RWA1ZCJ.L) 
SIETPT«SlETPT-RWAElZ(JtL) 
US0(JLEFT)«UNMX(J.L)»«2*UNMY(J.L)»»2 
FXMST«TA2(J)«RWAU(JtL) 
FXTX«FXMST«UNMX(J.L) 
FXTY«FXMST«ÜMMYIJ.L) 
FXMSB*»   25*(RWA12(J.i.)+RWAlZ(J»L5   l)»TA2(J) 
FXßX-FXMSB «(UNMXiJ.L)-«-ÜNMX<J.L5   )) 
FXBY-FXMSB »»UNMYtJ.L)*UNMY(J.L5   )) 
FXMSL>0.5*RWA3Z(J»L5   ) 
FXLX-FXMSL*UNMX(JfU 
FXLY-FXMSL*UNMY(JfLI 
FXMSR*«125*(RWA3ZIJtL5   )^RWA3ZCJ^1»L5   II 
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FXRX-FXMSR   «(UNHXtJ»L)+UNMX(J+1*L)) 
FXRY-FXMSR    »(UNMY(J.L)-t-UNMr(J+l,L)» 
TFXY«FXLX-FX«X*FXTX-FXBX 
TFXZ«FXLY-FXRY*FXTY-FXBY 

50   FMLYT(J)«-r3YIJtL5)-TFXY 
FMLZT(J)«(FMNY(J.L)-FMNHY(JtL ))»RDTNM-F3Z(J»L5l-TFXZ 
FIMPY«FIMPY*FMLYT(J) 
FIMPZ-FIMP2*FMLZT(J) 
WORK »WORK+FMLYT(J)»UNMX(J t L)+FMLZT(J)«UNMY(J t L) 
DO 65  J«JL»JR 
U2( J»KU)-UNMX(J.L)*UNPX( J»L)->-UNMY(JtL)*UNPY(JtL) 
SUMKE«SUMKE+.5*(CMASSl(J-l.L5»*(U2(J.KLl*U2(J»KÜ))*CMASS2(J-ltL5)» 

2      (U2(J-lfiCU+U2(J-ltKUn) 
SMOMY»SM0HY^FMNX(JtL) 
SHOM2»SH0M2^FMNY(J«L) 
GO   TO   (55.60t55)tMOTION 

55 SMSTPT«SMSTPT-RWA12(JtL) 
SIETPT«SlETPT-RMAE12(JtL) 
USQ( JRIGHT)«UNMX( J.L)»»2-fUNMY(J.L)»«2 
SICETPT-SKETPT-RWA12 (J-l .L) • (USQ( JLEFT)♦USUi JRIÖHT )} 
SMYTPT«SMYTPT-RWA12(J-lfL)*(UNMX(J-l*L)-fUNMX(JtL)) 
SM2TPT«SM2TPT-RWA12(J-lfL)«(UNMY(J-ltL)-*-UNMY(J»Ln 
JLEFT-JRIGHT 
JRIGHT*M00(JLEFT»2)-»-l 
FXMST*TA2(J)«RWA12(JfL)-»"TAl(J-l)»RwA12(J-l.L> 
FXTX«FXMST*UNMX(JfU 
FXTY«FXMST»UNMY(JtL) 
FXMSB«.25»(TAl(J-l)»(RWA12(J-ltL)+RWA12(J-lfL5n^TA2(J)» 

2 (RWA12(J.L)+RWA12(JfL5))) 
FXBX-FXMSB    •(UNMX(JfL)-fUNMX(JtL5 )) 
FXÖY-FXMSB    «(UNMY(J.L)-«-UNMY(JtL5 )) 
FXLX-FXRX 
FXLY-FXRY 
FXMSR«.125»(RWA32(JtL5 )'»"RWA32 (J+ltL5 )) 
FXRX»FXMSR    »(UNMX(JtL)+UNMX(J-H.L)) 
FXRY-FXMSR    *(UNMY( J•L»♦U^^MY(J♦l^L} ) 
TFXY«FXLX-FXRX-»-FXTX-FXBX 
TFX2«FXLY-FXRY*FXTY-FXBY 

60    FMLYT( J)»(FMNX(JfL)-FMNMX(J»L))*R0TNM-F3Y(JfL5)-F4Y(J-l.l.5j-TFXY 
FML2T(J)«(FMNY(J.L)-FMNMY(JtL))*R0TMM-F32(JfL5)-F42IJ-ltl.5l-TFÄ2 
FIMPY-FlMPYt-FMLYTCJ) 
FIMP2»FIMP2*FML2T(J) 

65 WORK «WORK^FMLYT(J)«UNMX(J t L) 4FML2T(J)»UNMY(J t L) 
J-JMAX 
U2(JflCU)«UNMX(J.L)*UNPX(JfL)+UNMY(J»L)*UNPY(JtL> 
SUMXE«SUMK£+.5*(CMASS1 (J-l tL5 )•(U2 (J tKL)4-02 ( JtKU) KCMASS2 ( J-l .Li>» • 

2 (U2(J-ltlCL)+U2(J-l»ICU)n 
SMÜMY-SMOMY+FMNX(J »L) 
SMOM2>SH0H24-FMNY(J»L) 
GO  TO   (70.75.70)tMGTION 

70 SMSTPT«SMSTPT-RWA12(J.L) 
SIETPT«SIETPT-RWAE12(JfL) 
USQ(JRIGHT)«UNMX(JfL)»»2*UNMY(JtL)»»2 
SKETPT»(SKETPT-RWA1Z(J-1.L)»<US0(JLEFT)+USO(JRiGHT)))».25 
SMYTPT«(SMYTPT-RWA12(J-l .L)»(UNMX(J-l»L)*UNMX(JtL))»»•5 
SMZTPT«(SMZTPT-RWAlZ(J-ltL)»(UNMYIJ-ltL)>fJNMYrJ.L»n»«5 
FXMST«TAl(J-l)»RWAlZtJ-l»L» 
FXTX«FXMST»UNMX(J  iL) 
FXTY»FXMST»UNMY(J  tL) 
FXMSB*. 25»(RWAlZ(J-lfL)'«-RWAlZ(J-l.L5 )»«TA1(J-1J 
FXBX-FXMSB    »(UNMXCJ  .L)+UNMX(J  tL5 )) 
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FX0Y-FXMSB »(üNMYU     •D't-UNMYCJ     .L5   )l 
FXLX'FXRX 
FXLY«FXRy 
FXMSR>0*»*RMA3Z(J     »LS   ) 
FXRX«FXMSR*UNMX(J     tL) 
FXRY«FXMSR*UNMY(J     »D 
TFXY-FXLX-FXRX4.FXTX-FXBX 
TFX2«FXLY-FXRY^FXTY-FXBY 

75 FMLYTIJ»«-F4YIJ-1»L5)-TFXY 
FMLZT(J)>(FMNYIJtL)-FMNMYIJ*L))*R0TNH-F4Z(J-l»L3)-TFXZ 
FIMPY-FIMPY^FMLYTIJI 
FIMPZ-FIMP2*FML2T(J) 
W0RX«W0RK-»-FMLYTlJ)»UNMX(JtL)4FMLZT(Jl*UNMY(JtL) 

350 SUMTE>SUMIE^SUMXE 
SHSTPT«SMSTPT»OTM»l 
SMASSI«SMASSI-SMSTPT 
SIETPT«S1ETPT»0TNM 
SKETPT»SKETPT«OTMM 
WORK«WORK«DTNM 
SENERI-SENERl^WORK-SIETPT-SXETPT 
FIMP»(FIMPY*SFW)«0TNM 
FIMPI»FIMPZ»DTNM 
SMYTPT«SMYTPT»DTNH 
SMZTPT«SMZTPT»OTMH 
SMOHYI-SMOMYUFIMP  -SMYTPT 
SMOMZI - SMOMZI-t-F IMPZ-SMZ TP T 

100 CONTINUE 
DIFFY-SNOMY  -SMOMYI 
OIFFZ-SMONZ  -SMOMZI 
SFY«FIMPY*SFW 
SFZ-FIMPZ 
SUMTE«SUMIE^SUMKE 
DSTE-SUMTE-STEM 
MT«MORK«DTNM 
TEM1-SFY*0TNM 
TEM2>SFZ*0TNM 
IFIKC.EO.KNAX)   FIMPY>FIMP 
RETURN 

104       FORMATflHO/ 
163H       J U2(JtKL) U2(J^1»KL) U2fJ*KU) ü2(J*l.Kü) 
2  /I4#4E15.7/) 

107       FORMAT«3SH0 KSV3  NOT 2ERO NO RIGHT SIDE bUUNOARY/) 
101 FORMAT(1H0/ 

249H NO JMIN CONTRIBUTION CALCULATION IN THIS PROGRAM/) 
110   FORMAT(3I6/(6E16.a)) 

END 

i 

1 

/ 
' 

205 

x 



SUBROUTINE ENERGY 
COMMON 

2 KdMAX* 
3 SENER1» 
4 FIMPYt 
5 KBOT» 
6 Kb, 
7 UXRfilNt 
6 JMINf 
9 KTt 
A E SCSI* 
2 TINY A(5)f 
4 KSV<24)t 
5 FMLYR(lOl). 
COMMON 

2 EPY(55}t 
3 FMLZT(55)t 
4 PYI55>t 
3 R4Ht55). 
6 U2(55t2)t 
COMMON 

NREGf 
TIME.   SMOMZI» 
SIETPTt SKETPTf 
SMASSI. SMSTPT. 
KTOPt   MAXN» 
CUT1»   CUT2» 
LYLTIN. UYTIN. 
JMAXt   KMINt 

EIN» 
ALFA(5)t 
TINY 8(5). R 
YTERM<55). 
FMLZR(lOl). 

ROTNM. 
SMZTPT. 
MORK» 
SMASS. 
TMAX. 
UYLBIN» 
UYRTIN. 
KHAX» 

RHOIN» 
BIG A(5). 

MOTION» 
SMOMZ» 
SUMIE» 
PROBNO» 
OTNMN. 
UYBIN» 
UXLTIN. 
JL» 
UYIN» 

BIG B(5)» 
ZERO(5)»BETA(9)» 

JBMIN.  JBMAX.  KBMIN» 
SMOMYI. SMYTPT. SMÜMY» 
SUMKE»  SUMTE»  FIMPZ» 
OTNM»   CUTOFF» N» 
SFW»   DTNMP9» 0TNM2» 
UYRBIN» UXLBIN» UXBIN» 
UXTIN»  UXRTIN» KTM» 
J3»    JR»     JRM» 

UXIN»      KlNTm» 
RCP V S(5)»E lEROib), 
QCON(5).   SAV(12). 

A 
1 UNMY(S5»9)» 
2 ENM(55.5)» 
3 PQNMXX(55.5). 
4 PQNXY(3»»5). 
5 RWAE3Z(55»5). 
6 E3Z(55.5). 
7 ETA(5>»5)» 
8 A4Y(55.5). 
9 A4Z155.5). 
A F4Y(55.5). 
1 F4Z(55»9)» 
2 FMNMX(55»3)» 
4 AW1(55.5). 
5 RXM(55.5)» 
6 011(55.5). 
7 Pll(55.5). 
8 PQX(55.5). 
COMMON   ICON. 

2 KC»     NOPA. 

EP2(55). 
LY1(55). 
P2(55). 
21H(55). 
B(55.4) 

RX(55»5). 
UNPX(55.5 
EN(55»5)» 
PONMXY(55 

Y2TERM(55). 
VACANT(15) 
A(55). 
FMLYB(55)» 
LY2(55). 
R1H(55). 
Z2H(55). 

TA1(55». 

0IL(55). 
FMLVT(55)» 
LZ1(55). 
R2H(55). 
Z3H(55). 

TA2(55)» 

EPX(56). 
FMtZB(55). 
L22(55). 
R3H(55)» 
Z4H(55). 

5) 
P0NYY(55.5). 
RWA£1Z(55.5) 
E1Z(5*>»5) 
AlY(b5»5) 
AIZ(55.5) 
F1Y(55»5) 
F1Z(55»5) 
NTPT(55.5 
FMNMY(55.5). 
AW2(55.5) 
RYM(55.5) 
012(55.5) 
P12(55.5) 
PQMX(55.5J. 
LINCT»  LX1. 
NEOIT»  NSIG» 

RY(55.5)» 
UNPY(55.5). 
PNM(55.5). 
PONMYY(55.5). 
RMA3Z(55»5)» 
RH3Z(55.5). 
RHO(55.5). 
A2Y(55.5). 
A22(55.5). 
F2Y(55.5). 
F22(55.5). 
FMSNZ(55»5). 
FMNX(55.5). 
CMASS1(55»5). 
RXZ(55.5). 
022(55.51» 
P22(55.5). 
VO(55»5) 

LX2.    LX3. 
NMASS» NOMP 

UNMX(55.5). 
FMASNM(55.5)» 
PN(55»5)» 
PONXX(55.5). 
RWA1Z(59»5)» 
RH12(55.5). 
VOL(55»5)» 
A3Y(55.5). 
A3Z(55.5). 
F3Y(55.5). 
F3Z(55»5)» 
FMASN(55.5). 
FMNY(55.5). 
CMASS2(55»5)» 
RYZ(55»5)» 
OX(55.5). 
PX(55»5). 

LX4. LX5» 

COMMON     AZQ(55)»TRAPV(55)»TRAPYH(101)»TRAPZH(101)»AYO(55) 
2»YOELTA(55) 
COMMON S1(55).S2(101) 
COMMON GMU(55)»H( 55)»8ETAH(55)»ALFAH(55)»AMUBH(55)»AMUBMU(55)» 

2 ICASE(55) 

1U 
10Ü 

L-LX1 
L2-LX2 
TFXE-O. 
00 100 J«JMIN.JR 
IF(M0TI0N*NE.2)TFXE*RWAE3Z(J»L)-RMAE3Z(J4-1»L)-RMAE1Z(J»L)4 

2      RWAE1Z(J»L2) 
EN( J»L)«(ENM(J.L)*FMASNM(J.L)-DTNM«(UNMX(J-*-l»L)*FlY(J»L)-*'UNMY(J-»>li 

1 L)*F12(J»L) 
1 niNMX(J»L)*F2Y(J»L)n)NMY(J.L)*F2Z(J»U*UNMX(J»L2)*F3Y(J»U + 
2 UNMY(J»L2)*F3Z(J»L)«*-UNMX(^-»-l»L2)*F4Y(J»L)<fUNMY(J4>l»L2)*F4Z(J»L)* 
3 TFXE))/FMASN(J.L) 
IF(ABS<EN(J.L)-ENM<J.L))-CUT1)10.10.100 
EN(J»L)*ENM(J»L) 
CONTINUE 
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105 RETURN 
END 

..."• 

.' 
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SUBROUTINE FLOW 
COMMON 

2 KBMAXt 
3 SENERIt 
4 FIMPY. 
5 HOOT. 
6 KB» 
7 UXRBIN» 
8 JMIN* 
9 KT» 
A E S(5). 
2 TINY A(5)» 
4 K6V(24)» 
5 FMLYRdOl). 
COMMON 

2  EPY(55), 
FMLZT(35)» 
PY(55I» 
R4H(55). 
U2(55»2)» 

COMMON 
A 

UNMY($5f3)f 
£NM(55»5). 
PONMXX(55»5)» 
PQNXY(55t5). 
RWAE3Z(55.5)» 
£32(55.5). 
ETA(55.5). 
A4Y(55»5). 
A4Z(55.5). 
F4Y(55.5». 
F42(55.5). 
FMNMX(55»5). 
A«l(55.5). 
RXM(55.5). 
011(55.5». 
Pll(55.5l. 
P0X(55.5). 

COMMON ICON» 
2  KC» NOPA» 

TIME» 
SIETPT» 
SMASSI» 
KTOP» 
CUTl. 
UYLTIN» 
JMAX» 

EIN» 
ALFA(5). 

NREG» 
SMOMZI» 
SXETPT» 
SMSTPT. 
MAXN» 
CUT2. 
UYTIN. 
KMIN» 

/ 
ROTNM» 
SM2TPT» 
WORK. 
SMASS» 
TMAX» 
UYLBIN. 
UYRTIN» 
KMAX» 

RHOIN» 
BIG  A(5). 

MOTION 
SM0M2. 
SUMIE» 
PROBNO 
DTNMN» 
UYB1N» 
UXLTIN 
JL» 

UYIN» 
BIG   B( 

TINY 8(5). R 
YTERM(55». 
FML2R(I01). 

EPZ(55). 
LY1(55). 
PZ(55). 
Z1H(55). 
6(55.4) 

2ERO(5).BETA(5 
Y2TERM(55). 
VACANT!15) 
A(55). 
FMLYB(55). 
LY2(55). 
R1H(55)» 
Z2H(55). 

JBM1N» 
SMOMYI» 
SUMKE» 
OTNM. 
SFW» 
UYRBIN» 
UXTIN» 
J3» 

UXIN 
5).     RCP 
) •       OCON 
TA1(55). 

JBMAX» KBM1N» 
SMYTPT» SMOMY. 
SUMTE» F1MPZ» 
CUTOFF» N» 
0TNMP5. 0TNM2» 
UXLBIN» UXBIN. 
UXKTIN» KTM» 
JR» JRM» 

» KINT(5). 
V  S(5).E   2ER0(5). 
(5)»        SAV(12). 

TA2(55). 

DIL(55). 
FMLYT(55). 
LZ1(55). 
R2H(55»» 
Z3H(55). 

£PX(55). 
FMLZB(55). 
LZ2(55). 
R3H(5b). 
Z4H(55). 

RX(55.5). 
UNPX(55.5). 
EN(55.5). 
P0NMXY(55.5). 
PQNYY(55»5)» 
RWA£1Z(55.5). 
E1Z(55.5). 
A1Y(55.5). 
A1Z(55.5). 
F1Y(55»5)» 
F1Z(55.5). 
NTPT(55»5»» 
FMNMY(55.5). 
AM2(55»5)» 
RYM(55.5)» 
012(55.5)» 
P12(55.5). 
POMX(55.5). 

LINCT»     LX1. 
NEDIT»     NSIG» 

RY(55.5). 
UNPY(55»5 
PNM(55»5) 
P0NMYYI55 
RWA3Z(55. 
RH3Z(55.5 
RH0(55.5) 
A2Y(55.5) 
A2Z(55.5) 
F2Y(55»5) 
F2Z(55.5) 
FMSNZ(55. 
FMNX(55»5 
CMASS1(55 
RXZ(55.5) 
022(55.5) 
P22(55.5) 
VO(55»5) 

LX2. 
NMASS» 

UNMX(55»5)» 
). FMASNM(55.5) 
» PN(55»5)» 
•5). PONXX(55.5). 
5). RMA1Z(55.5)» 
If RH1Z(55.5)» 
* VOL(55.5)» 
. A3Y(55.5). 
» A3Z(55»5)» 
» F3Y(55.5). 
» F3Z(55.5). 
5)» FMASN(55.5). 
I» FMNY(55»5)» 
»5). CMASS2(55.5| 
» RYZ(55.5), 
. OX(55.5). 
> PX(55.5).     * 

LX4, LX5. LX3. 
NOMP 

AZO(55)»TRAPV(55)»TRAPYH(101)»TRAPZH(101)»AYU(55) COMMON 
2»Y0ELTA(53) 
COMMON       S1(55).S2(101) 
COMMON GMU(55)»H(55)»BETAK(55)»ALFAH(55)»AMUbH(55)•AMUBMÜ(55). 

2 ICASE(55) 

XC«l 
LINCT«! 
NREG-1 
LX1«1 
LX2-2 
LX3>3 

LX4-4 
LX5-5 
00 10 LM.4 
00 10 J«JMIN»JMAX 

10 8(J»L)«0#0 
READ IN 5 K LINES 1ST CALL ONLY 
CALL LINEIN 
J-JM,N 208 



IFUPONMXX(J.2).NE.0).OR.(PONHXX(Jtl|.NE.0l 
2 •OR«(UNMY(Jf2UNE.O).OR«(UNMY(Jtll«NE«OII 60 TO 1» 
CALL ACTIVE 
SFM«Oc 
00 11 J-JMlNtJMAX 
RWA1Z(J»:)«0« 
RWAE1Z(J*1I>0« 
FlY(Jtl)«0« 
FIZUtD-O* 
F2Y(J*1)«0» 

11    F22(J.1)«0. 
CALL CONSCK 
60 TO 21 

15    CALL VERTPT 
20 CALL BOUND 
21 LXO'LXl 

LX1-LX2 
LX2-LX3 
LX3«LX4 
LX4>LX5 
LX5*LX0 
KB-KMIN-fl 
KTM-KT-l 
00 50 K-ICB«KTM 
J-JMIN 
ICC*K 
IF((PONMXXfJ»LX2)«NL»0)*OR«(PONMXXIJtLXl)«NE«0)*OR* 

2 (PQNXX(J»LX5).NE«0).OR.(ÜNHY<JfLX2».Nt.0).OR.(UNMY(J.LXl).N£.0) 
3 •OR«(UNPY(JtLX5)«NE«0n GO TO 30 
CALL ACTIVE 
CALL CONSCK 
IF(K.EQ.KB) 60 TO 45 
60 TO 410 

30    CALL VERTPT 
CALL HORTPT 
CALL MASS 

35    IFniC+l)«LT«KlNT(NRE6))60 TO 41 { 
NRE6-NRE64-1 
STOP A 

41 CALL STRESS •' 
CALL NEWU 
CALL CONSCK 
IF (K.EO.KB) 60 TO 45 
60 TO (4l0t415.410).MOTION 

41ü   CALL SETTPT 
415   CALL LINOUT 

IF(K«EQ*KTM)60 TO 45 
42 CALL LINEIN 

00 43 LMt3 
00 43 J-JMIN.JMAX 

43 B(J«L)*B(J0L+1) 
45 LX0-LX1 

LX1>LX2 
LX2-LX3 
LX3-LX4 
LX4>LX5 
LX5>LX0 

50 CONTINUE 
J-JMIM 
KC-KT 
IF(<PONMXX(J»LX2».Nt.0).OR.(PONMXX(J.LXl).NE.0».OR. 
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2 (PQNXX(JtLX5),NE.0).OR.(UNMy(J.LX2).NE.0).OR.(UNMY(J,LXl).NE.O) 
3 .OR,(UNPY(J.LX5).NE.O)) GO TO 500 
DO 5000 J«JMIN.JMAX 
RH0(JfLX2)*0« 
PN(JfLX2)«0« 
FMASN(J»LX2)«0* 
ETA(JfLX2)*0. 
EN(J»LX2)«0. i 
RWA3Z(JtLX2)»0. 

5000 RWAE3Z(JtLX2)-0. 
CALL ACTIVE 
CALL CONSCK 
KC*KMAX 
CALL ACTIVE 
CALL CONSCK. 
GO TO 501 

300 CALL BOUND 
C WRITES OUT 4 K  LINES LAST CALL ONLY 
301 CALL LINOUT 

RETURN 
END 
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SUBROUTINE FORCE 
COMMON 

2 KBMAXt 
SENERIt 
FIMPY» 
KtOTt 
Kit 
UXRBINt 
JMIN* 
KTt 
E S(5). 
TINY A(5). 
KSV(24)t 
FMLYRdOl) 

COMMON 
2 EPY(55). 
FMLZT(55). 
PY(55)t 
R4H(55)t 
U2(55f2). 

COMMON 
A 
UNMY(53t& 
ENM(55f5) 
PQNMXX(53t3)t 
PQNXY(55f5)t 
RWAE3Z(33»3)» 
£32(55.5) 
ETA(55.5) 
A4Y(55t5) 
A42(55.5) 
F*Y(55#5) 
F42(55.5) 
FMNMX(55» 
AW1(55.5) 
RXM(55.5) 
011(55*5) 
Pll(55«5) 
POX(55»5) 

COMMON   I CON * 
2 KC* NOPA* 

3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
1 
2 
4 
5 
6 
7 
8 

NREG, 
SMOMZI» 
SKETPT. 
SMSTPT» 
MAXNt 
CUT2i 
UYTIN» 
KMINt 

TIME* 
SIETPT* 
SMASSI* 
XTOP» 
CUT1* 
UYLTIN. 
JMAX* 

EIN* 
ALFA(5)* 
TINY B(5)» R 

YTERM(55J» 
FMLZRdGl) * 

EPZ(55)* 
LY1(55). 
PZ(55)* 
Z1H(55)* 
B(55*4) 

ROTNM* 
SMZTPT* 
WORK* 
SMASS* 
TMAX* 
UYLBIN* 
UYRTIN* 
KMAX* 

RHOIN* 
BIG A(5)* 

MOTION* 
SMOMZ* 
SUMIE* 
PROBNO» 
DTNMN. 
UYbIN* 
UXLTIN» 
JL* 
UYIN* 

BIG 0(5 
ZERO(5)*BETA(5) 

Y2TERM(55)* 
VACANT«15) 
A(55)* 
FMLYB(55)* 
LY2(55)* 
R1H(55)* 
Z2H(55I* 

JBMIN* 
SMOMYI• 
SUMKE * 
OTNM* 
SFW. 
UYRBIN* 
UXTIN* 
J3* 

UXIN* 
)* RCP V 
* OCON( 
TA1(55)* 

JBMAX» KBMIN* 
SMYTPT* SMÜMY* 
SUMTE* FIMPZ* 
CUTOFF* N* 
DTNMP5* 0TNM2» 
UXLttIN* UXbiN* 
UXRTIN* KTM. 
JR*     JRM* 

KINT(5)* 
S(5)*E ZER0(5)* 

5)*   SAV(i2l* 
TA2(55)« 

DIL(55)* 
FMLYT(55)* 
LZ1(55)* 
R2H(55)* 
Z3H(55)* 

LPX(55)* 
FMLZb(55)f 
LZ2(55)* 
R3H(55)* 
Z4H(55)* 

RX(55*5)* 
UNPX(55*5)* 
EN(55*5)* 
PONMXY(55*5)* 
PONYY(55*5)* 
RWAE1Z(55»5)» 
E1Z(55*5)« 
A1Y(55*5)* 
A1Z(55*5)* 
FIY(55*5)» 
F1Z(55*5)* 
NTPT(55*5)* 
FMNMY(55*5)* 
AW2(55*5). 
RYMr55*5)* 
012(55*5)* 
P12(55«5)* 
POMX(55*5)* 

LINCT*  LX1* 
NEDIT*  NSIG* 

RY(55*5)* 
UNPY(55*5 
PNM(55*5) 
PÜNMYY(55 
RWA3Z(55* 
RH3Z(55*5 
RHO(55*5) 
A2Y(55*5) 
A2Z(55*5) 
F2Y(55*5) 
F2Z(55*5) 
FMSNZ(55* 
FMNX(55*5 
CMASS1(55 
RXZ(55*5) 
022(55*5) 
P22(55*5) 
VO(55*5) 

LX2* 
NMASS. 

5)* 
)* 

)* 
* 
5)* 

UNMX(55*5)* 
FMASNM(55*5)* 
PN(55*5)* 
PUNXX(55*d)* 
RWA1Z(55*5)* 
RH1Z(55*5)* 
VOU55*5)* 
A3Y(55*5)* 
A3Z(55*5)* 
F3Y(55*5)* 
F3Z(55*5)» 
FMASN(55*5)* 
FMNY(55*5)* 
CMASS2(55*5)* 
RYZ(55*5)* 
QX(55»5)* 
PX(55*5)* 

LX4t LX5* LX3* 
NDMP 

AZO(55)*TRAPV(55)*TRAPYH(101)»TRAPZH(101)*AYO(55) COMMON 
2*Y0ELTA(55) 
COMMON        SI(55).52(101 I 
COMMON GMU(55)*H(55 ) .BETAH(55).ALFAH(55)*AMUBH(55)*AMUBMU(55)* 

2 ICASE(55) 

SAV(6)>1.-SAV(6) 
1 L-LX1 

L2«LX2 
IF   IKC*E0.1)SFW«0« 
00   100   J«JMIN*JR 

502        ARH1>AW1(J*U 
ARH2«AW2(J*L) 
ARH3«AW2(J*L) 
ARH4»AW1(J*L) 

535        P11BB«5*(P11(J*L)+011(J»L)+P0NMXX(J*L) ) 
P12B»«5»(P12(J*L)*Q12(J.L)^P< NMXY(J.L) ) 
P22B« • 5* (P22 (J • L) -^022 ( J > L ) +PUNMY Y ( J • L) ) 
PXB«•5»(PX(J.L)♦OX(J»L)+PQMX(J * L)) 
A1YR»A2Y(J*L)-ARH1 
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MPMMHM^ 

100 

FlY(J»L)«PllB*AlYR+P12B*A2Z(JfU+PXb*ARHl 
F1Z(Jt L)■P12B*AlYR^P22e»A2Z(J tL) 
A2YR«AlY<JfL|-ARH? 
F2Y(J»L)«PllB*A2YR-t-P12B*AlZIJfLl4>PXB*ARH2 
F2Z(JtL)«P12B»A2YR+P22B»AlZ(J»L) 
A3YR*A4Y(J*L)-ARH3 
F3Y(J.L)«PllB»A3YR"t-P12B«A4Z(J»L)*PXB»ARH3 
F3Z (J.L I >P12B*A3YR<*-P22B*A4Z ( J»L) 
A4YR>A3YfJ»L)-ARH4 
IF(SAV(64«EQ*0)   SFW   «PXb«(ARHl"»-ARH2*ARH3*ARH4KSFW 
F4Y(J t L)«PI1B*A4YR^P12B*A3Z(J »L)♦PXB*ARH4 
F4Z (Jt L) *P12B*A4YR^P22B*A3Z IJ »L) 
PON XX(J.L)«P11(J»L)+011(J.L) 
PON XY(J.L)«P12(JfL»+Q12(JfL) 
PON YY(J«L)>P22IJfL)+Q22(JtU 
P0X(JtL)«PX(JtL)+0X(J.L) 
CONTINUE 
RETURN 
FNO 
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mm 

3 
4 
9 
6 

1 
2 
3 
4 
3 
6 
7 
8 
9 
A 
1 
2 
4 
3 
6 
7 
• 

TIME» 
SIETPT» 
SMASS1» 
KTOP» 
CUT1« 
UYLTIN» 
JMAX. 

EIN» 
ALFA(5). 
TINY B(3)» R 

YTERM(33)» 
FMLZRdODt 

EP2(55). 
LY1(33)» 
PZ(53)» 
Z1H(33)» 
B(53»4) 

SUBROUTINE HORTPT 
COMMON 

2 KBMAX» 
SENERI» 
FIMPY» 
RtOTt 
KB» 
UXRBIN» 
JMIN» 
KT» 
E S(3)» 
TINY Ai5)» 
KSVC24)» 
FMLYR(lOl)» 

COMMON 
2 EPYC33)» 

FMLZTI53)» 
PY(55). 
R4H(33)» 
U2I33»2)» 

COMMON 
A 

UNMY(33«5)» 
ENM(33»3)» 
PONMXX(33»3)» 
PONXYf33»3)» 
RWAE3ZI53»3)» 
E3Z(33»3)» 
ETA(33»3)» 
A4Y(93»3)» 
A4ZI33»3)» 
F4Y(55»5). 
F4Z(53»3)» 
FMNMXI33»5)» 
AM1133»3)» 
RXM(53>3)» 
011(33»3)» 
Pll(33>5)» 
POX(33»3)» 

COMMON   ICON» 
2 KC»     NOPA» 

NRE6» 
SMOMZI» 
SKETPT» 
SMSTPT» 
MAXN» 
CUT2» 
UYTIN» 
KMIN» 

RDTNM» 
SMZTPT» 
WORK» 
SMASS» 
TMAX» 
UYLB1N» 
UYRTIN» 
KMAX» 

RHOIN» 
BIG A(5)» 

MOTION» 
SMOMZ» 
SUMIE» 
PROBNO» 
OTNMN» 
UYbIN» 
UXLTIN» 
JL» 
UYIN» 

BIG B(3 
ZERO(3)»BETA(3} 

Y2TERM(55). 
VACANT(15) 
A(33)» 
FMLYB(55). 
LY2(53)» 
R1H(33)» 
Z2H(33I» 

JBMIN» 
SMOMYI» 
SUMKE» 
DTNM» 
SFM» 
UYRBIN» 
UXTIN» 
J3» 

UXIN» 
)• RCP V 
» QCON( 
TA1(35)» 

JBMAX» KBMIN» 
SMYTPT» SMOMY» 
SUMTt. FIMPZ» 
CUTOFF» N» 
0TNMP5» OlHHdt 
UXLöIN» UXOIN» 
UXRTIN» KTM» 
JR»     JRM» 

KINT(5)» 
S(5)»E ZERO(5)» 

5)»   SAV(12)» 
TA2(i>5)» 

DIL(55)» 
FMLYT(55)» 
LZ1(33)» 
R2H(55)» 
Z3H(33)» 

EPX(55). 
FMLZB(35)» 
LZ2(33)» 
R3H(35)» 
Z4H(35)» 

RX(33»3)» 
UNPX(35»5)» 
EN(55»5)» 
PONMXY(55»3)» 
PONYY(55»5)» 
RWAE1Z(55»5)» 
E1Z(35»5)» 
A1Y(53»5)» 
A1Z(53»5)» 
F1Y(55»5)» 
F1Z(55»5)» 
NTPT(55»5)» 
FMNMY(55»3)» 
AW2(55»5)» 
RYM(33»5)» 
012(55.5). 
P12(53»5)» 
PQMX(55»5)» 

LINCT»  LX1» 
NEOIT»  NSJG» 

RY(33»5)» 
UNPY(55.5) 
PNM(33»3)» 
PONMYY(35» 
RMA3Z(35»3 
RH3Z(33»3) 
SHO(55.5). 
A2Y(33»5)» 
A2Z(33»3)» 
F2Y(33»3)» 
F2Z(33»3)» 
FMSNZ(35»3 
FMNX(53»5) 
CMASS1(55. 
RXZ(55,5). 
022(33.5)» 
P22(33»3)» 
V0(55.5) 

LX2» 
NMASS» 

5)» 
)• 

)» 
» 
5)» 

UNMX(55»5}» 
FMASNM(35»5)» 
PN(33»5)» 
PONXX(33»3)» 
RWA1Z(33»5). 
RH12(55.5). 
VOL(53»3)» 
A3Y(55»5)» 
A3Z(55»5)» 
F3Y(55»3)» 
F3Z(55.5)» 
FMASN(55»5l» 
FMNY(33»5)» 
CMASS2(35»3). 
RYZ(53»5)» 
OX(53»5)» 
PX(35»5)» 

LX4» LX5» LX3» 
NOMP 
)»TRAPZH(101)»AYO(»3) COMMON     AZQ(53)»TRAPV(53)»TRAPYH(101 

2 » YDELTA(33) 
COMMON       Sl(55).S2(10l) 
COMMON 6MU(33)»H(33)»B£TAH(33)»ALFAH(33)»AMUBH(53)»AMUBMU(33)» 

2 ICASE(53) 

L-LX1 
L2-LX2 
00 100 J«JMIN»JMAX 

100  AYQ(J )«TRAPZH(KC)*RX(J»L) 
A(JMIN)"0*0 
A(JMfNfl)«0«0 
A(JMAX)>0»0 

200 JL«JMIN<*-2 
00 214 J«JL.JR 
SNOI5E-RHO(J»U-2«*RHO(J-l»L)+RHO(J-2»U 
IF( ABS(SNOlSE).LE.(RHO(J-l.L)»10.E-8)) GO TO 212 
IF(SNOISE)211»212.213 

211 A(J)—1,0 
GO TO 214 

213 



212 A(J)«0«O 
60 TO 214 

213 A(J)«l.O 
214 CONTINUE 

JL>JMIN<fl 
00 260 J»JLtJR 
MX « UNHX(JtL) ♦ UNMX(JtL2l 

C AY IS ZERO RX(JfL)>RX(J«L2) 
M0A««5*WX*AY0IJ) 

C    BACKWARD TRANSPORT 
GO TO 236 

222 JP2-J+2 
JP«J*1 
JZ«J 
JN-J-1 

223   IF(JL-J)226»224t226 
224 IFfW0A)225«260t255 
225 IF(A(JPl-A(JP2))263»270»263 
226 IF(JL-H-J)229.227.229 
227 IF(WDA)230t260*22a 
228 lF(ABS(A(J2)+A{JP)-»-A(jP2))-3.0)255t270t255 
229 IF(JR-1-J)232t230t232 
230 IF(W0A»231.260.245 
231 IFJABS<A( JM)+A(J2)4A(JP))-3*0)265t270t265 
232 IF(JR-J>«i5»233f235 
233 lF(WDA)265f260f234 
234 IFtA(J2)-A(JM))255t270.255 
235 IF( ABS(-A( JP2KA( JPKAI JZ)-A( JM) )-4.0)240t236.240 
236 IFIWDA}265«260t255 
240   IF(WDA>250.260.245 

245   IF(ABS(A(J4l)-A(J)*A(J-l)|-2.J270t255t255 
250   lF(ABS(ACJ*-2)-AtJ4l|4-A(Jn-2.)270ff265t265 
255 KH3Z(JtL)«RH0(JM,L) 

E3Z(JtL)-ENM(JMfL) 
60 TO 275 

26Ü RH32(J.L)»0.0 
E3Z(J»L}»0«0 
60 TO 275 

265 RH3Z(J»L)>RH0(JZflL) 
E3Z(J#L)-ENN(JZfL) 
60 TO 275 

270  Dl«SORTC(RX(JZfL2)+RX(JZtL)-RX(JM«L2)-RX(JM»U)*«2 
1 ■»•(RY(JZ.L2 )-*-RY(JZfL)-RY(JM*L2 )-RY( JM»L) )»»2 I 
02"SORTf(RX(JPfL2 )*RX(JP»L)-RX(JZtL2 )-RX(J2.L))»»2 

1 ♦«RYIJP»L2 )i-RY(JP.L)-RYCJZtL2 l-RY(JZtLn»*2l 
012-1«0/(01H)2) 

C AY IS ZERO RX(JtU»RXUtL2) 
WOAMAG«ABS(AYO(J)J 
WN«MDA/W0AMA6 
RH3Z(JtL)«(02»RHO(JMfL)+01»RHO(J2.L)-3.0»WN»(RHO(JZ.L)-RHO(JM.L))« 

1  0TNM)»D12 
E3Z(JfL)-(02*ENM(JM.L)*0l»ENM(JZfL|-3.0«WN»(ENM(JZ.LJ-ENM(jM.L))» 

1  0TNM)*D12 
275 RWA3Z(JfL)«RH3ZIJ»LI*WOA 

RMAE3Z(J«L)-RWA3Z(J»U*E3Z(JfU 
ieO CONTINUE 
300 RETURN 

END 

214 



TIMEf 
SIETPT» 
SHASSIt 
ICTOP. 
CUT It 
UYLTINt 
JHAXt 

EIN* 
ALFAI5U 
TINY ö:5)» R 

rTERM(55)t 
FMLZRdOD» 

EP2(55). 
LYl(55)t 
PZ(55)t 
Z1HI55)» 
B(55t4) 

SUBROUTINE LINEIN 
COMMON 

2 KBMAXt 
3 SENERIt 
4 FIMPYt 
5 KBOTt 
6 KBt 
7 UXRBIN» 
• JMIN* 
9 KTt 
A E SC5lt 
2 TINY AI9)t 
4 KSV<24)# 
5 FMLYRflODt 

COMMON 
2 EPY(55)t 
3 FMLZT(39lt 
4 PY(55lt 
5 R4H(53I» 
6 Ü2(55t2)f 

COMMON 
A 
1 UNMYC5$t3)t 
2 ENM(55f5)t 
3 PONMXX(55»5). 
4 PONXV(55.5). 
5 RWAE3Z(55.5)f 
6 E3Z(55«3)f 
7 ETAJ55.5)» 
0 A4YI3»»»)» 
9 A4Z(33»3)» 
A F4Y(35»5)» 
1 F4Z(»»f5)t 
2 FMNMXI5»f3)f 
4 AWl(»9t9)t 
3 RXMI53»3)» 
6 011(33t5)* 
7 Pll(33»3)t 
• PQXf33f3)t 
COMMON   ICONt 

2 KCt     NOPA» 

NREGt 
SMOMZ1* 
SKETPTt 
SMSTPTt 
MAXNt 
CUT2t 
UYTINi 
KMINt 

ROTNM» 
SMZTPTt 
WORK» 
SMASS» 
TMAXt 
UYLBIN» 
UYRTIN» 
KMAX» 

RHOIN» 
BIG A(3)t 

MOTION. 
SMOMZ» 
SUMIE. 
PROBNO* 
DTNMN» 
UYBIN» 
UXLTIN» 
JL» 
UYIN» 

BIG BC3)* 
ZEROI3ltBETA(3}» 

JBMlNf  JBMAX»  KBMIN» 
SMOMYU SMYTPT» SMOMY* 
SUMKEt  SUMTE»  FIMPZ» 
OTNM»   CUTOFF» N» 
SFM»    OTNMP3» OTNM2» 
UYRBIN» UXLBIN» UXbIN» 
UXTIN»  UXRTIN» KTM» 
J3»    JR»    JRM» 

UXlNt      KINT(3)» 
RCP V S(5)»E ZERO(3)» 
0C0Nf3l»   SAVCIZ)» 

Y2TERM(33)» 
VACANT!13) 
AC33I» 
FMLYBf33)» 
LY2(33)» 
R1H(33)» 
Z2H(33)» 

TAlf33)» 

DIL(33)» 
FMLYTC33» 
LZ1I33)» 
R2HI33)» 
Z3H(33)» 

TA2(33I» 

EPX(33)» 
FMLZB(3d)* 
LZ2(33)» 
R3H(33)» 
Z4HI33)» 

RX(33»3)» 
UNPX(33»3)» 
EN(33»3)» 
PONMXY(33»3)» 
PONYY(33»3)» 
RWAE1Z(33»3)» 
E1Z(33»3)» 
A1Y(33»3)» 
AlZC33»3l» 
F1Y(33»3)» 
F1ZI33»3)» 
NTPT(33»3)» 
FMNMYf33»3)» 
AW2(33»3)» 
RYMI33»3)» 
012(33»3)» 
P12f33»3)» 
POMX(33»3)» 

LINCT»  LX1» 
NEDIT»  NSIG» 

RY(33»3)» 
UNPY(33»3)» 
PNM(33»3)» 
PONMYY(53»3)» 
RWA3Z(33»3i» 
RH3Z(53»3)» 
RHO(33»3)» 
A2Y(33»5)» 
A2Z(55»3)» 
F2Y(33»3)» 
F2Zf33»3)» 
FMSNZI33»3)» 
FMNX(33»3)» 
CMASS1(33»3)» 
RXZ(33»3)» 
022(55.51. 
P22(55.5)» 
VO(55.5) 

LX2»    LX3. 
NMASS» NOMP 

UNMX<55»5)» 
FMASMM(55»5I. 
Pft(35.3)» 
PQNXX<55»5). 
RWA1Z(33»3)» 
RH1ZI53.3)» 
VOL (33 »3)» 
A3Y(33»5)» 
A3Z(35.5). 
F3YC53.5)» 
F3Z(33»3)» 
FMASN(55»5)» 
FMNY(33»3)f 
CMASS2(55»3|» 
RYZ(33»3)» 
0X(33»5)» 
PX(33»5). 

LX4. LX3. 

COMMON      AZQ(33)»TRAPV(33)»TRAPYH(101)»TRAPZH(101)»AYO(33) 
2»Y0ELTA(33) 
COMMON       S1(33)»S2I101) 
COMMON GMU(33)»H(33)»BETAH(33)»ALFAH(33)»AMUBH(53)»AMÜBMU(55)» 

2 ICASE(55) 
DIMENSION DUMPVISOO) 
EOUIVALENCE(NREG » DUMPV(1)) 

IF(KC.EO.l) 
L-LX4 
READ(MT) 

2 FMASNH(J»L)» 
3 PONMYY(J»L). 
4 POMXU.D» 
3 A2Y(J»L)» 
6 A3Z(J»L)» 
7-CMASS2(J»L)» 

60 TO 20 

(RX(J»L)» 
ENM(J»L)» 
VOL(J»U'* < 
FMNMX(J»L). 
A3Y(J»L)» 
A4ZIJ»L)» 
RXZ(J»L)» 

IF(LCOUNT»EO«KMAX) REWIND 
LC0UNT«LCOUNT"H 
IF(NOPA.EO.O) RETURN 

RY(J»L)» 
>>NM(J»L)» 
RHO(^»L)» 
FMNMY(J»L)» 
A4Y(J»L)» 
AW1(J»L)» 
RYZ(J»L)» 

MT 
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UNMXUtU • 
PUNMXX(J»L)» 

NTPT(J*L)» 
AIZIJ.D» 
AW2(J»L). 
VO(J»L)f 

UNMY(J»L)» 
PONMXYiJ.L). 

AIY(J.L). 
A2Z(J.L). 
CMASSKJ.L). 
J«JM1N.JMAX) 



mm 

WRITEIIOK 
2 üNMXIJtLI» 
3 PNMUtLIf 
4 VOLUtLIf 
$  FNMMXfJtLI» 
6 NTPTU»L)t 
7 AlYUtDt 
5 AlZUtUt 
9 AMI     (J.L). 
A 

RX   (JtLJt 
UNMY(JfL)f 
PONMXXIJfDt 
RHO(JtL)t 
FMNMYCJ*L)f 

2U 

21 

22 

36 

40 
42 

A2V(JfUt 
A2ZfJ*L)f 
AM2     CJtUt 

VOfJtDt 
IF U KC411 .NE. (ICMAX-2 ) IRE TURN 
END  FILE   10 
END  FILE   10 
NOHP^NOMP+l 
WRlTE(6»100)N0MPtPROBNO«TlMEtN 
RETURN 
LCOUNT-1 
NBR>MOD(Nt2)4-l 
60   TO  (21#22).NBR 
NT«3 
60  TO 39 
MT«l 

39  IFIN0PA)40»40t36 
MRlTEflOl   (0UMPV(J)*J>lf6OOl 
END  FILE   10 
00  46 L>lt5 
READ(NT) 

2 FMASNN(J»L)t 
3 POMHVY(J.L)t 
4 POMXUtDt 
i  A2YU*L)t 
6 A32CJtL)t 
7 CMASS2Cj»L)t 

RY   (J»L)* 
FMASNMIJtDt 
PONMXV(JtL)» 
PQMX(JtL). 

A3YUfL)f 
A3Z(JfL)t 
CMASSKJtDt 

J-JMIN 

ENMtJtDt 
PQNHYY(JtL). 

A4Y(J»L)t 
A42(J»L)f 
CNASS2(J»L)t 

tJNAXI 

<RX(JtL)t 
ENMfJtDt 
VOLUtLIt 
FNNNX(JtL) 
A3Y(JfL)f 
AAZUtDt 
RXZCJtD» 

RYUtDt 
PNM(J»L)t 
RHO(J#L)» 
FMNMYUtDt 
A4Y(JtL)f 
AMl(J»L)f 
RYZCJ.L). 

UNMX(JtL)t 
PONMXXCJtL) 

NTPT(JiL)» 
AlZ(J»L)t 
AW2(JtL)f 
VO(JfL)» 

44 
49 

lF(NOPA)490.490f45 
WRITEdOM 

2  UNMX(J»L)» 
PNM(JtL)t 
VOLCJtLj» 
FMNMXIJtDt 
NTPTUtD* 
AlY(JtL)» 
AlZ(JtL)» 
AW1      (J*L)» 

RX   (JtLIt 
UNNYIJtD» 
PONNXX(J*L)f 
RHOUtDt 
FNNMYCJtL). 

RY   (J.LI» 
FMASNNIJtLI» 
PQNHXY(J»L). 
POMX(J.L). 

A3Y(J»LI» 
A32(J.LI. 
CMASSKJfLI» 

J-JMIN 

A2YIJ»LI» 
A22(J*LI» 
AW2     (J»LI* 

VOIJfLI» 
490       LC0UNT>LC0UNT+1     . 

46 CONTINUE 
70 RETURN 

100 FORMAT(22H0A DUMP HAS  BEEN   TAXEN/12H0DUMP  NUMBER»16 
10BLEM NUMBER.F7.2»8H  AT   TIME»1PE16.7»10H ON   CYCLE   * 

END 

UNNY(J»LI» 
PONMXY(J.L)» 

AIY(J.L). 
A2Z(J»L). 
CMASSKJfLI» 
J«JMIN»JMAXI 

ENH(J.LI» 
P0NMYY(J»LI. 

A4Y(J»L)» 
A4ZCJ.LI» 
CMASS2(J»LI» 

.JMAXI 

.23H 
161 

IS  FROM  PR 
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3 
% 
5 
6 

1 
2 
3 

» 

ft 

7 
• 
9 
A 
1 
2 
* 
3 
4 
7 
• 

TIME» 
SIETPT» 
SMASSI» 
KTOP» 
Qlf It 
UYLTIN. 
JMAX* 

EINf 
ALFA(5)» 
TINY Bib)* R 

YTERM(33)» 
FMLZRIIOD» 

EPZ(33)» 
LYII33)» 
PZC33)« 
Z1HC33)» 
B(55»4) 

SUBROUTINE  LINOUT 
COMMON 

2  KBMAX» 
SENERI» 
FIMPY» 
KBOT» 
KB» 
UXRBIN» 
JMIN» 
KT» 
E  S(3)» 
TINY A(5)» 
KSV124)» 
FMLYRdOD» 

COMMON 
2  EPYf331* 

FMLZTI»»)» 
PYf33)» 
R4HI53)» 
U2(33t2)» 

COMMON 
A 

UNMY(33»3)» 
ENM(33»3)t 
POMMXXC53»3)» 
PONXY(5»»3l» 
RWAE3Z(53»31» 
E3ZI55»5)f 
ETA(55»5»f 
A4Y(33»3>t 
A4ZI55.5I. 
F4Y(33»3)» 
F4Z(33»»)» 
FMMMX(»3»3U 
AW1I33»»)» 
RXM(33»9)> 
011C55»5). 
Pll(35»5lf 
PQX(93»3)» 

COMMON        ICON» 
2  KC» NOP A» 

NREG» 
SMOMZI» 
SKETPT» 
SM&TPT» 
MAXN» 
CUT2» 
UYTIN» 
RMIN» 

RDTNM» 
SMZTPT» 
WORK» 
SMASS» 
TMAX» 
UYLBIN» 
UYRT1N» 
KMAX» 

RHOIN» 
BIG A(3)» 

MOTION» 
SMOMZ» 
SUMIE» 
PROBNO» 
OTNMN» 
UYblN» 
UXLTIN» 
JL» 

UYIN» 
BIG 8(3)» 

JBMIN» 
SMOMYI» 
SUMKE» 
OTNM» 
SFW» 
UYRBIN» 
UXTIN» 
J3» 

UXIN» 
RCP V 

JBMAX» KBMIN» 
SMYTPT» SNOMY» 
SUMTE» FIMPZ» 
CUTOFF» N» 
OTNMP3» 0TNN2» 
UXLbIN» UXttlN» 
UXRT1N» ICTH» 
JR» JRM» 

XINT(3)» 
S(3)»E ZERO(3l» 

ZERO(3)»BETA(3)»       OCON(3)» 
Y2TERM(35)» 
VACANT(13) 
A(33)» 
FMLYB(33)» 
LY2(33)» 
R1H(33)» 
Z2H(33)» 

TA1(33)» 

t)lL(33)» 
FNLYT(33) 
LZ1(33)» 
R2H(33)» 
Z3H(33)» 

SAV(12I» 
TA2(33)» 

tPX(33)» 
FMLZB(33)» 
LZ2(33)» 
R3H(33)» 
Z4H(33)» 

RX(33»3I» 
UNPX(33»3)» 
EN(33»3I» 
PONMXY(33»3)» 
PONYY(33»3)» 
RMAE1Z(33»3)» 
E1Z(33»3)» 
AiY(33»3)» 
A1Z(33»3)» 
F1Y(33»3)» 
F1Z(33»3)» 
NTPT(33»3)» 
FMNMY(33»3)» 
AW2(33»»)» 
RYM(33»3)» 
Q12(33»3)» 
P12(33»3)» 
POMX(33»3)» 

LINCT»     LX1» 
NEOIT»     NSIQ» 

RY(33»3)» 
UNPY(33»3)» 
PNM(33»3)» 
PONMYY(33»3)» 
RMA3Z(33»3)» 
RH3Z(33»3)» 
RHO(33»3)» 
A2Y(33»3)» 
A2Z(33»3)» 
F2Y(33»3)» 
F2Z(33»3)» 
FMSNZ(33»3)» 
FMNX(33»3)» 
CMASS1(33»3)» 
RXZ(33»3)» 
022(33*3)» 
P22(3393)» 
VO(33»3) 

LX2» LX3» 
NMASS»  NDMP 

UNMX(33»3)» 
FNASNM(33»3)» 
PN(33»3)» 
PONXX(33»3)» 
RWA1Z(33»3)» 
RH1Z(33»3)» 
VOL(33»3)» 
A3Y(33»3)» 
A3Z(33»3)» 
F3Y(33»3)» 
F3Z(33»3)» 
FMASN(33»3)» 
FMNY(33»3)» 
CMASS2(33»3)» 
RYZ(33»3)» 
QX(33»3)* 
PX(33»3)» 

LX4» LX3» 

COMMON AZO(33)»TRAPV(33)»TRAPYH(101).TRAP2H(101)»AYO(33) 
2»YDCLTA(33) 

COMMON Sl(33)»52(101) 
COMMON 6MU(33)»H(33)»BETAH(33)»ALFAH|33)»AMUBH(33)»AMUBMU(33)» 

2   ICASE(55) 
DIMENSION PTMASS(33) 

c**««* 

20 

30 
100 

110 

IF(LINCT«GT«1)  GO  TO  100 
NBR>M0D(N»2)4>1 
SAVm*S0RT(SAV(7)) 
SAV(6)*SORT(SAV(8)) 
GO  TO  (20»30)»NBR 
MT«1 
GO  TO  100 
NT«3 
L>LX4 
L2-LX5 
IFCSMASS.LT.O)   WRITE(6»110)   N»J»KC»(FMASN(I»D»FMASNM(I»L) 

2»RWA1Z(I»D »RWA1Z(I»L2)»RHA3Z(I»D »RWA3Z(!♦!.L)»1-JMIN»JMAX) 
F0RMAT(3I6/(6E16«B)) 
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300   IF(N£01T)327f327»3000 
3000 lFCKSV(lin30010*3002t3001 
3001 KSVIlD'-KSVai) 

READ(5t3003)JJMlNtJJMAX»KKMlNtKICMAX 
30010 IFfLINCT-KMAXI30O12»3OOll*3O011 
30011 ICSVU1I>KSV(11K1 
30012 IF(LINCT-<KMIN)327.30013»30013 
30013 IF(LlNCT-KICMAX»3Hf311t327 

3002 JJM1N«JMIN 
JJMAX*JMAX 

311 DO   312   J«JJMIN»JJMAX 
312 PTMASS(J)«2.»FMSN2(J.L) 

IFCLINCT.LT.KMAX) GO  TO  316 
DO   315   J»JJMIW»JJMAX 
RHGCJtL   )>0«0 
PN(J»L   »«O.O 
FMASNCJtL   )«0.0 
ETA(J,L   )»0.0 
ENIJfL   )»0.0 
RH3ZIJ»L)«0*0 
RWA32(JfL)»0.0 
E3Z(JfLI>0« 
RWAE3Z(JtL)-0« 
VOL(JtL)-0. 
Pll(JtL)«0. 
P12(J»L)«0« 
P22iJfL}«0* 
PX<J»L)«0. 
FlYtJtU-O* 
F2Y(J»L)«0. 
F3Y(JfLI-0. 
FAYfJ*LI>0« 
Fl£(JtLI>0* 
F2Z(JfU-0» 
F3ZIJtL)>0« 
F^(JtLI«0« 
011(JfL)-0. 
012fJtL)>0. 
022(J»L}>0. 
OX(J»L)-0« 
A1Y(J.L)«0. 
A2YUfL)«0. 
A3Y(J»L)«0. 
A4Y(JtL)«0# \ 
AlZfJ*L)*0. I 
A2ZfJtL)«0a 

A3Z1J»L)*0. 
A4Z(JtL)-0« 
AW1(J*L)«0« 
AW2IJ*L)*0« 
CMASSI(J»L)«0. 
CMASS2(J»L)«0« 
DO   320   I«JJMINtJJMAXtlO 
JPRINT«U9 
1F(JPRINT*GT*JJMAX)   JPRINT 

315 
316 

320 WRITEf6*l) 
1  XSV(14)t 
2 
3 VOL(J»Uf 
4 UNMX(JtL>» 
5 ElZ(J»L)f 

PROBNO* 
KSV(15lt 

I 

JJMAX 
TIMEt 

SAVI7)i 
OTNH* 

KSV(16)f        KSV(17)* 

RHCfJtD» 
UNMYIJtU* 
RMAE1Z(J»L)* 

RX(JtL). 
ETA(JtL)» 
FMASNCJtL)» 
FMNXIJtU» 
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RY( JtD» 
EN( JtD» 
RHlZ(J»Llf 
FMNYIJvLI» 

SAV(Ö). 

Ji LlNCTtNt 
RWAlZCJtD» 
PTMASS(JI. 



^ 

327 

4  RH3Z(JtUt 
7  OlHJtUt 
•  FU(J»L)f 
9  AM2      UtDt 
A  A4YCJ»L)t 
1 PX(J»LU 
2 FtYIJtUt 

MRITE(MT) 
2 FMASM(J«LI» 
3 PONYYUtU* 
4 POX(JfL)i 
9 A2Y(J»Ut 
6 A32(J»L)t 
7 

RMA3Z(J»L)t 
A2Y(J»L). 
P12(JffL)t 
F2V(J.LI» 
AAZ(J»L)t 
OX(J»L). 
F4ZIJ»Uf 
(RXtJtL)t 
ENCJtDt 
VOLfJtLIf 
FMNX(J»L)» 
A3YtJ»U* 
AAZIJtD» 
RXZIJtDt 

E3Z(J.L)f 
A2Z(JfLlf 
OUCJtUi 
F2ZCJ*L)t 
CMASSlUtD* 
ASYCJtLIt 
J»I.JPRINT) 

RYU.L). 
PN(JfL)i 
RHOlJ.Dt 
FMNYIJtL). 
A4YIJ»L)« 
AWllJtLIt 
RYZ(JfL)* 

RWAC3ZCJfLlf 
AMI     IJ»L)t 
AlYUtUt 
P22(J»L)t 
F3YIJ»L|t 
A3Z(JfL)t 

UNPXIJtDt 
PONXXIJfDt 

NTPKJfD» 
A12(J»L)t 
AW2(JfL)f 
VOIJtDt 

PIKJ.Ut 
FlYUiDt 
AlZUtLI» 
022(JtL)t 
F3^fJfL)t 
CMAVs2(J»L)i 

UNPY(JtL)* 
PUNXY(J*L)t 

AlYfJtDf 
A2Z(J»L)f 
CMASSKJtUi 
J-JMINtJMAXJ 

OTNMt 
XSVClölt        KSV(17)f SAV(8J 

CMASS2iJ»L)f 
340   IF(LlNCT-ICMAX)370f350»350 
350  SUMTE>SUMIE+SUMICE 

REWIND MT 
IFC(NOPA.6T.OI   .OR.(NE0lT.LT.On   GO   TO  335 
IFINEOIUEO«0)   60  TO  348 

355       WRITE(t*2) PROBNO» TIME* 
1 KSV(14)»        KSV(15)»        SAV(7)» 

340  WRITE(4*4) 
WRITE(4*7)SUMIE*SIETPT*SMYTPT*FIMPY*SMOMYl*SMOMY.SMSTPTtSUMi;E 

l»SKETPT*SMZTPT*FIMPZtSM0MZI*SMOMZiSMASSItSüMTE*W0RK*SMASS*SENERI 
C TO  INSURE  THAT  ENERGY  CHECKS PRINT OUT 

DO  345  L>1*5 
345  MRITE(4»9) 

RETURN 
370 IFtXC.GT.KTIGO TO 360 
344 LINCT-LlNCm 

RETURN 
310 LX4«LX5 

LX5-LX1 
LX1-LX2 
LINCT-LINCT41 
60 TO 100 

1 F0RMAT(12H1  PROBLEM« F7.2.3X4HTIME« E17.9.3X4H0T« E17*9»3X 
2 4HSH J« I3*3X4HSH X« I3t3X7HSH DT« E17.9/ 
3 72X4HSS J« I3*3X6HSS X* I3»3X7HSS OT« E17.9// 
2119H Y Z VOL            RHO 
3 ETA             E ♦ J» X»CYCLE»/ 
4112H UtN-l/2) V(N-l/2) ZONE MASS       RnlO 
5 RMA10           E10            RWAE10/ 
4112H MOM Y MOM Z PT« MASS        RH30 
7 RMA30           E30            RWAE30// 
•109H Pll Oil AIY             A1Z 
9 AMI             F1Y             F1Z/ 
A109H P12 012 A2Y                                A2Z 
1 AW2 F2Y F2Z/ 
2109H P22 022 A3Y A3Z 
3 MP1 F3Y F3Z/ 
4109H    PX OX A4Y A4Z 
5 MP2 F4Y F4Z// 
4 C10(4E17*9*3H ••I3*lH**I3*lH**I5f1H*/ 
7   7E17.9/7E17.9//7E17.9/7E17.9/7E17.9/7E17.9///M) 

2 FORMAT!12H0     PROBLEM-   F7«2*3X4HTIME>  E17«9t3X4H0T>   E17.9*3X 
2 4HSH  J«   I3*3X4HSH  X«   I3.3X7HSH  OT-   E17.9/ 
3 72X4HSS  J*   I3.3X6HSS  K*   I3.3X7MSS  OT-  E17.9//I 

4 FORMAT! 1H0»9X*5HSUMIE*11X*4HSIETPT*10X»4HSMXT»'«T*10X*5HFIMPX«11X 
lt4HSMOMXI*10X*5HSMOMX*llX»4HSMSTPT/10X*5HSUMXE*llX*6HSXETPT*10X 
2*4HSMYTPT*10X*5HFIMPY*llX»4HSMOMYItl0X*5HSMOMY»llX*6HSMASSI/10X 
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3f»HSUMTE»llXt4HWORKf76X»5HSMASS/26Xt6HSEN&Rl/) 
7 F0RMAT(7Xf  7E16.8/7X  7E16.8/7Xt  2E16.8f64X.  E16.8/23Xt  E16.8) 
9 FORMAT(IH ) 

3003  F0RMAT(4I6) 
END 
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SUBROUTINE MASS 
COMMON 

2 KBMAXt 
3 SENERI» 
4 FIMPY. 
5 KBOTt 
6 KBt 
7 UXRBIN» 
• JMIN« 
9 KTt 
A E  SIS)» 
2  TINY A(5)f 
4 KSV(24)» 
5 PMLYRCIOD» 
COMMON 

2 EPYI55)» 
3 FML2T155)» 
4 PY(55)f 
5 R4H(55), 
6 U2(55»2)» 
COMMON 

A 
1 UNMYI»5»5)» 
2 ENM(5»»S)« 
3 PONMXX(55»5)» 
4 PONXY(»9»5)» 
5 RWAE3Z(95*5)» 
6 E32C5J»5). 
7 ETAI55»5)» 
8 A4Y(55»5)» 
9 A42<55t5)» 
A F4Y<55t9)» 
1 F42I55»5». 
2 FMMMXOS»*)» 
4 AWlf5»»5)» 
5 RXM(55.5)» 
6 Qll(55»9)» 
7 Pll(55»5)t 
8 POX(»»»5l» 
COMMON  ICON« 

2 KC»    NOPA» 
COMMON 

NRE6» 
TINE»   SMOMZI» 
SIETPT» SKETPT» 
SMASSI» SMSTPT» 
KTOP»   MAXN» 
CUT1»   CUT2» 
UYLTIN» UYTIN» 
JMAX»   KMIN» 

EIN» 
ALFA(5). 
TINY BIS)» R 

YTERMC59)» 
FMLZRdOD» 

EP2(55). 
LY1(5&». 
PZ(55). 
Z1H(55)» 
8(55,4) 

ROTNM» 
SMZTPT» 
WORK» 
SMASS» 
TMAX» 
UYLBIN» 
UYRTIN» 
KMAX» 

RHOIN» 
BIG A(5)t 

MOTION» 
SMOM2» 
SUMIE» 
PROBNO» 
OTNMN» 
UYBIN» 
UXLTIN» 
JL» 
UYIN» 
BIG 8(5)» 

JBMIN» 
SMOMYI» 
SUMKE» 
OTNM» 
SFW» 
UYRBIN» 
UXTIN» 
J3» 

UXIN» 
RCP V 

JBMAX» XBMIN» 
SMYTPT» SMOMY» 
SUMTE» FIMPZ» 
CUTOFF» N» 
OTNMP5» DTNM2» 
UXL8IN» UX0IN« 
UXRTIN» KTM» 
JRt JRN» 

KlNT<5)t 
S(5)»E ZERO(5)« 

ZEROf5)»BETA(5)»  OCON(5)» 
Y2TERMI95)> 
VACANT(15) 
A(95)» 
FMLY8(55)» 
LY2(55)» 
R1H(55)» 
Z2H(55),» 

TA1(55)» 

OlL(55)» 
FMLYT(55). 
LZ1(55)» 
R2H( 
Z3H(55)» 

SAV(12)» 
TA2(55)» 

tPX(55)t 
FMLZb(55)» 
LZ2(55)t 
R3H(55). 
Z4H(55)» 

RX(55»5)» 
UNPX(55.5)» 
EN(55»9)» 
PONMXY(55»5)» 
PONYy(55»5)t 
RWAE17.(55»5)» 
E1Z(55'5). 
AlY(55f3)» 
A1Z(55»5), 
F1Y(55»5)» 
F1Z(55»5)» 
NTPT(55.5)» 
FMNMY(55»9)» 
AW2(55»5). 
RYM(55»5)» 
012(55»5). 
P12(55»5)» 
PQMX(55»5)» 

LINCT»  LX1. 
NEOIT»  NSIG» 

RY(55»5)» 
UNPY(55»5)t 
PNM(55»5)» 
PONMYY(55»5). 
RWA3Z(55»5)» 
RH3Z(65»5). 
RHO(55»5)» 
A2Y(55»5). 
A2Z(55»5)» 
F2Y(55»5)» 
F2Z(55,5)t 
FMSNZ(55»5)» 
FMNX(55»5)» 
CMASS1(55»5)» 
RXZ(55»5). 
022(55,5)» 
P22(55»5)» 
V0(55»5) 

LX2»    LX3» 
NMASS» NDMP 

UNMX(55»5)» 
FMASNM(55»5)» 
PN(55»5)» 
PUNXX(55»5)» 
RWA1Z(55»5)» 
RH1Z(55»5)» 
VOL(55»5)» 
A3Y(55»5)» 
A3Z(55»5)» 
F3Y(55»5)» 
F3Z(55»5)» 
FHASN(55»5)» 
FMNY(55»5)» 
CMASS2(55»5)» 
RYZi55»5)»_ 
QX(55»5), 
PX(55»5)» 

LX4» LX5» 

AZO(55)»TRAPV(55)»TRAPYH(101)»TRAPZH(101)»AYO(55) 
2»YDELTA(59) 
COMMON       51(55)»52(101) 
COMMON GMU(55)»H(55)»8ETAH(55)»ALFAH(55)»AMUBH(55)»AMUBMU(55)» 

2 ICA5E(55) 

L-LX1 
L2-LX2 
00 18 J>JMIN»JR 
FNASN(J»L)>FMASNM(J»L)^(RMA3Z(J»L)-RWA3Z(J-*-l»L)-RWAlZ(J»L)4- 

1 RWAlZ(J»L2n*DTNM 
IF(FMASN(J»L)I19»19»18 

19   NEOIT«! 
NSIG«4 

17  WRITE(4»77)J»FMASN(J»L) 
FNASN(J»L)*1» 

18 CONTINUE 
RETURN 

77 F0RMAT(7H0FOR  J-»I6»8H AND K+2»10H   THE  MAS5«»lP£l6.7t6H  ERROR) 
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TIME» 
SIETPT» 
SMASSI. 
KTOPf 
CUT1. 
UYLTINf 
JMAX* 

EIN» 
ALFA(5). 

SUBROUTINE NEWU 
COMMON 

2 KBMAX» 
SENERI» 
FIMPY» 
KBOT» 
KB» 
UXRBIN» 
JMIN» 
XT» 
E S(5)» 
TINY AI5)» 
KSV(24), 
FMLYRf101)» 

COMMON 
2 EPY(55). 
FMLZT(55)» 
PYI55)» 
R4H(35)» 
U2(55.2)» 
COMMON 

A 
UNMY(55»S 
ENM(55»5) 
PONMXX(55.5)» 
PONXY(55.5). 
RWAE32(55»6)» 
E32<33»3) 
£TA(55»5) 
A4Y(59»5) 
A42(55.5) 
F4Y(55»5» 
F42(55.5) 
FMNMX(55»5) 
AW1(55»5) 
RXM(55.5) 
011(53»5) 
Pll(55»5> 
PQX(55.5) 
COMMON   ICON» 

2 KCf HOP At 

NREO»   ROTNM» MOTION» 
SMOMZI» SMZTPT» SMOMZ» 
SKETPT» WORK» SUMIE» 
SMSTPT» SMASS» PROBNO» 
MAXN»   TMAX» DTNMN» 
CUT2»   UYLBIN» UYBIN» 
UYTIN»  UYRTIN» UXLTIN» 
XMIN»   KMAX» JL» 

RHOIN» UYIN» 
BIG Am» BIG 8(5 

TINY B(5)» R 
YTERM(55). 
FMLZR(lOl). 

EPZI55)» 
LY1(55). 
P2(55). 
Z1H(55). 
B(55»4) 

ZERO(5).B£TA(5) 
Y2TERM(55), 
VACANT(15) 
Alfflt 
FMLY8(55)» 
LY2(55)» 
R1H(55), 
Z2H{55). 

JBM1N» 
SMOMYI» 
SUMKE. 
OTNM» 
SFW. 
UYRBIN» 
UXTIN» 
J3» 

UX1N 
)»  RCP 
»   OCON 
TA1(55)» 

JBMAX»  KBMIN» 
SMYTPT» SMOMY» 
SUHTE»  FIMPZ» 
CUTOFF, N» 
0TNMP5» 0TNM2t 
UXLBIN» UXblN» 
UXRTIN» KIM. 
JR»     JRM» 

»      KINT(5)» 
V S(5),t ZER0(5) 
(5)*   SAV(12). 

TA2(55)» 

DlL(55)» 
FMLYT(55). 
LZ1(55)» 
R2H(55)» 
Z3H(55)» 

EPX(55)» 
FMLZB(55)t 
LZ2(55)» 
R3H(55)* 
Z4H(55)» 

RX(55»5)» 
UNPX(55»5). 
EN(55.5)» 
P0NMXY(55.5)» 
PONYY(55»5)» 
RWAE1Z(55»5). 
E1Z(55»5)» 
A1Y(55»5). 
A1Z(55»5)» 
F1Y(55.5). 
F1Z<55,5)» 
NTPT(55»5)» 
FMNMY(55»5)» 
AW2(55»5)» 
RYM(55»5)» 
012(55,5). 
P12(55,5), 
PQMX(55.5). 

LINCT»  LX1» 

RY(55.5). 
UNPY(55»5) 
PNM(55,5), 
PONMYY(55, 
RMA3Z(55»5 
RH3Z(55»5) 
RHO(55.5). 
A2Y(55.5)» 
A2Z(55.5). 
F2Y(55»5)» 
F2Z(55.5), 
FMSNZ(55»5 
FMNX(55.5) 
CMASS1(55. 
RXZ(55.5). 
022(55,5). 
P22(55,5), 
VO(55,5) 

LX2* 

5)» 
). 

). 
. 
5). 

UNMX(55,5). 
FMASNM(55.5), 
PN(55,5), 
PQNXX(55.5), 
RMA1Z(55»5), 
RH1Z(55»5)» 
VOL(55,5)» 
A3Y(55,5). 
A3Z(55,5), 
F3Y(55»5)» 
F3Z(55»5)» 
FMASN(55»5), 
FMNY(55»5). 
CMASS2(55»5). 
RYZ(55,5). 
0X(55,5). 
PX(55.5), 

LX4, LX5» LX3» 
NEDIT»  NSIG»   NMASS» NDMP 

AZQ(55).TRAPV(55)»TRAPYH(101)»TRAPZh(101)»AYO(55) COMMON 
2»YOELTA(35) 
COMMON       51 (:'5) »32(101) 
COMMON GMU(55)»H(55)»BETAH(55)»ALFAH(55) 

2 ICASE(55) 

L-LX1 
L2-LX2 
L5«LX5 
TFXX-O. 
TFXY-O« 
00  400   J-JMIN.JMAX 
IF(JMIN-J)   100»10»10 

U YRHO«YTERM(J)»RH0(J»L) 
Y2RHO«Y2TERM(J)*RHO(J*L) 
CMASS1(J » L) *AW1IJ » L)•YRHO 
CMASS2(J » L) «AW2(J.L)•Y2RH0 
FMSNZ(J.L)«.5»(CMASS2(J.L)+CMASS2(J.L5)) 
CUT0N»CUT2*FMSNZ(J»L) 
FMNX(J»L)«0.0 
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UNPX(J»L)*0*0 
IF((KC.GE.KÖOT).ANO.(KC.LE.K,TOP) »60 TO 410 
00 TO (13t20tl5)tM0TION 

15    FXLY«0«0 
FXMST«. 25*<RWA12(j.L)+RWAl2(JfL2 ))*TA2(J) 
FXTY-FXMST    »JUNMY ( J.D^UNMY C JtL2 )) 
FXHSR*• 125* (RMA3Z(J-t-11L)-fRWASZ (J+l• L5 )) 
FXRY-FXMSR    »(UNMY(JtL)+UNMY(J+l.L)) 
FXMSB».   2&*(RWAlZ(JfU+RWAlZ(JtL3   ))»TA2(J) 
FXBY-FXMSB • (UNMY ( J»L)-fUNMY ( J»LS   )) 
TFXY-FXLY-FXRY+FXTY-FXBY 

2 0 FMOMCH«OTNM#(F2Z(JtL»^F3Z<J»L5)*TFXY) 
IF(ABS(FMOHCH i-CUTON)35•35•30 

3U   FMNY(JiLJ«FMNMY(J.L)-t-FMOMCH 
00  TO  40 

35   FMNY( JfU»FMNMY(JtL) 
40 UNPY(J#L)«FMNY(J»L)/FMSNZ(J»L)-UNMY(J»L) 

00 TO 400 
100 IF(J-JMAX) 110t300»300 

110   YRHO«YTERH(J)*RHO(J»L) 
Y2RH0*Y2TERM(J)»RH0(JtL) 
CMASSl(JtU«AWl(JfU*YRHO 
CMASS2(JtL)«AW2(J»L)«Y2RHO 
FMSNZ(JtL)».5*(CMASS2(J.L5»+CMASSl(J-l»L5)-»-CMASSl{J-l.L)^CMAi:.S2(J. 

2   D) 
00  TO   (Ul»115flU).MOTION 

ill        FXMSL».125»(RWA3Z(J»L)+RWA3Z(J-l.L)-»-RWA3Z(J-l»L5    )<t-RWA3Z (JtL5    U 
FXLX*FXMSL »(UNMX ( JtD^UNMX ( J-ltL » ) 
FXLY-FXMSL »(UNMY(J»L)+UNMY(J-l.L)I 
FXMST«.25*(TAl(J-l)»(RWAlZ(J-ltL)+RWAlZ(J-l.L2M*TA2(J)» 

2   (RWAlZ(JtL)-»-RWAlZ(J»L2))) 
"- FXTX«FXMST »(UNMX( JtU+UNMX (J»L2   )l 

FXTY-FXMST »(UNMYIJ.L)+UNMY<J»L2   )J 
FXMSR«.125»(RWA3Z(JtL)+RWA3Z{J*l»L)+RWA32(J'H»L5   »♦RWA3Z<JtL5   )) 
FXRX«FXMSR »(UNMXCJ.L)+UNMX(J+l.L)) 
FXRY»FXMSR »IUNMY ( J.D^UNMY ( J+ltD ) 
FXMSB««25»(TA1(J-1)»(RWA1Z(J-ltL5)+RWAlZ(J-ltL))*TA2(J)* 

2   (RWAlZ(JfL)+RWAlZ(JtL5m 
FXBX'FXMSB •(UNMX(J»L)+UNMX(J.L5    )) 
FXBY-FXMSB »(UNMY ( JtU-t-UNMY ( J»L5   )) 
TFXX«FXLX-FXRX+FXTX-FXBX 
TFXY«FXLY-FXRY+FXTY-FXBY 

115        CUT0N«CUT2*FMSNZ(JtL) 
FM0MCH«0TNM»(FlY(J-l»L)+F2Y(JtL   ♦F3Y(J.L5)*F4Y(J-ltL5|*TFXX) 
IF(ABS(FMOMCH)-CUTON) 125t125t120 

120 FMNX( JtL)>FMNMX(JtL)4-FM0HCH 
00 TO 130 

125 FMNX(JfL)=FMNMX(JtL) 
13 0   FM0MCH«DTNM«(FlZ(J-ltL)*F2Z(J»L)4-F3Z(JtL5)*F4Z<J-lfL5)-«-TFXY) 

IF(ABS(FMOMCH)-CUTON)   I45*l45«140 
140   FMNY(JtL)»FMNMY(J»L)^FMOMCH 

00  TO   150 
145   FMNY(J»L)«FMNMY(J.L) 
150   UNPX(JfL)» FMNX(JfL)/FHSNZ(JtL)-UNMX(JfL) 

UNPY(JtL)» FMNY(J.L)/FMSNZ(JtL)-UNMY(JtL) 
00  TO  400 

300 FMSNZ(J.L)«.5»(CMASSl(J-ltU-KMASSl(J-ltL5)) 
00  TO   (301t305»301)»MOTION 

301 FXMSL»«125»(RWA32(J-1.L)*RWA3Z(J-1»L5   )) 
FXLX«FXMSL »(UNMX ( JtD-fUNMX ( J-l »D ) 
FXLY«FXMSL • (UNMY ( JtD^UNMY (J-l »L) ) 
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...•**( - -^^-.^ 

FXMST>.   23*(RWAlZ(J-ltL)-fRWAlZ(J-l*L2   ))»TA1(J-1) 
FXTX«FXMST »(UNMXiJtL)+UNMX(J.L2   1) 
FXTY«FXMST «(UNMY C JtD+UNMY ( Jt L2   I) 
FXRX«0.0 
FXRY«0«0 
FXHSB-«   25»(RWA1Z(J-1.L)*RWA12(J-1,L5   ))*TA1(J-1) 
FXBX-FXMSB    *JUNMX(J.L)*Uf4MX(JtL5 11 
FXÖY-FXMSB »(UNMYUtU+UNMYUtLS   I) 
TFXX-FXLX-FXRX4FXTX-FXBX 
TFXY«FXLY-FXRY*FXTY-FXBY 

30b       CUT0N«CUT2«FMSNZ(J«L) 
FMNX(J»L)*0*0 
FMLYRiKC»«-  F4Y(J-l.L5)-FlY(J-ltL)-TFXX 
FMOMCH«OTNM«(FMLZR(XCI   "»-F^ZJJ-ltL5)*FlZ(J-ltL)*TFXY) 
IF(ABS(FMOMCH)-CJTON)   315.315t310 

310  FMNY(J.L)»FMNMY(JfL)+FHOMCH 
GO  TO  320 

315   FMNY(JtU*FMNMY(JtU 
32U  UNPX(J.L)»0.0 

UNPY(JfL)« FMNY(JtL)/FMSN2(J»L)-UNMY(JtL) 
400       CONTINUE 

RETURN 
410       FMNY(J»U«0.0 

UNPYiJtD-O.O 
60  TO 400 
END 
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SUBROUTINE REDGEN 
COMMON NREGt       ROTNMt     MOTlONt 

2 KBMAXt     TIME.        SMOMZI»   SMZTPTf   SMOMZ. 
3 SENER1»  SIETPTt   SKETPTt  WORH.       SUMIE» 
4 FIMPY»     SMASSIt   SMSTPTt   SMASS.     PROBNO» 
9  KBOTt       KTOP»        MAXN»       TMAXt       OTNMNt 
6 KB» CUT1»        CUT2»       UYLB1N*   UYBIN» 
7 ÜXRBIN»  UYLTIN»   UYTIN*     UYRTIN»   UXLTIN. 
6  JMIN»        JMAX.        KMINf       KMAX»       JL» 
9 XT»       EIN»     RHOIN»     UYIN» 
A E S(5)»   ALFA(5).  ölö A(5)» BIG B(5 
2 TINY A(5)» TINY Bib)*  R 2£RO(5)»BETA(5) 
4 XSV(24I»    YTERM(*5)»   Y2TtRM(55)» 
9 FMLYRClOl».  FMLZRdOD»  VACANTdS) 
COMMON A(55)» 

2 EPY(55).    EPZ(59)»    FMLYBI55)» 
3 FMLZTI95)»   LY1(53)»    LY2f35)» 
4 PY(55).     PZ(53)»     R1H(35)» 
5 R4H(53)»    Z1HI53)»    Z2H(33)» 
6 Ü2J55.2)»    6(55.4) 
COMMON 

A RX(35»3)»     RY(55»5I» 
1 UNMY(35»5)»   UNPX(33t5)»   UNPY(55»5) 
2 ENM(55»3)» EN(55»5)» PNM(55»5)» 
3 PONMXX(55»5)» PQNMXY(55»5)» PONMYYC55» 
4 PONXY(55.5). PONYY(55»5). RMA3Z(55»5 
5 RWAE3ZI55»5)» RWAE1Z(55»5)» RH3Z(55»5j 
6 £3Z(55.5). E1Z(55.5). RHO(55»5)» 
7 ETA(55»5)» A1Y(55»5)» A2Y(55»5). 
8 A4Y(55.5). A1Z(55»5)» A2Z(55»5I» 
9 A4Z(55.5). FXY<55.5). F2Y(55#5). 
A F4Y(55.5). F1Z(55.5). F2Z(55»5). 
1 F4Z(55»5).    NTPT(55»5)»    FMSNZ(55»5 
2 FMNMX(55»5).  FMNMY(55.5).   FMNX(55»5) 
4 AW1(55»5). AW2(55»5)» CMASSH55» 
5 RXM(55.5)» RYM(55.5). RXZ(55»5)» 
6 Q11J55.5). 012(55.5). 022(55.5). 
7 Pil(55»5)» P12(55.5). P22(55.5)» 
8 PQX(55.5). PQMX(55.5). VO(55»5) 
COMMON   ICON»   LINCT»  LX1.    LX2» 

2 KC»     NOPA»   NEOIT»  NS1G.   NMASS» 
COMMON     AZQ(55)»TRAPV(55)»TRAPYH(101 

2»YDELTA(55) 
COMMON       SI(55)»82(101) 
COMMON GMU(55)»H(55).BETAH(55)»ALFAH(55) 

2 ICASE(55) 
CM—• 

DIMENSION 0UMPV(600) 
DIMENSION  TX( 59)» TY(lOl)» TITLE(9) 
DIMENSION YDB(55) 

EOUIVALENCE(NREG»0UMPV(1)) 
EQUIVALENCE (YDÖ(1).FMLYB(1)) 

Ct—■■ 
INTEGER P» 0» R 

t—mm 
1 FORMAT (9A8) 
2 FORMAT (6E12*9) 
3 FORMAT (1216) 

4     F0RMAT(I6.2E12.5) 
9 FORMAT (216» 5E12.5 / (6E12.5)) 
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JBMINt     JBMAX»     XBMIN» 
SMOMYI»   SMYTPT»   SMOMY. 
SUMXE»     SUMTt»     FIMPZ» 
DTNM»       CUTOFF»   N» 
SFW» 0TNMP5»  0TNM2» 
UYRB1N»   UXLBIN»   UXbIN» 
UXTIN»     UXRTIN»   KTM» 
J3» JR» JRM. 

UXIN» XINT(5)» 
)»    RCP  V S(5).E  ZER0(5). 
»       QC0N(5).        SAV(12). 
TA1(55). TA2(55). 

DIL(99)» 
FMLYT(59). 
LZl(55). 
R2H(55)t 
Z3H(55). 

EPX(55). 
FMLZB(55). 
LZ2(55). 
R3H(55). 
Z4H(99)» 

5)» 
)» 

)• 
» 
9)» 

UNMX(55.5)» 
FMASNM(55»5)» 
PN(55»5)» 
PONXX(55.5)» 
RWA1Z(55»5)» 
RH1Z(55»5)» 
V0L(55.5). 
A3Y(55.5). 
A3Z(55»5)» 
F3Y(55.5). 
F3Z(55.5). 
FMASN(55»5). 
FMNY(55»5). 
CMASS2(55»5). 
RYZ(55.5). 
QX(55.5). 
PX(55.5). 

LX4» LX5. LX3» 
NDMP 
)»TRAPZH(101)»AYO(55) 

.AMUBH(55)»AMUBMU(55)» 



6 F0RMAT(3(2I6fEl2.5n 
»I  FORMAT   (15HOPROBLEM  NUMBER   •   F7*2I 

52 FORMAT I IN  / 
272H  KSV1  KSV2  KSV3  KSV4  KSV5  KSV6  KSV7  KSVi  KSV9 KSVIO K£ 
3V11 KSV12/12I6) 

53 FORMAT(1H / 
293H    SAV1 SAV2 SAV3 SAV4 
3        SAV5 SAV6/6E17.9I 

54 FORMAT I1H1/ 
224H INPUT FOR REGION NUMBER»13) 

55 FORMAT(1H / 
241H   VZ RHOIN EIN/3E17.9) 

56 FORMAT(1H / 
278H  JBOT  JTOP  KBOT  KTOP  KBUG MOTION KFACE1  KFACE2  K.FACt3 
3 HFACE4  ICFACE5/5I6»6IB) 

6U   FORMAT(1H / 
225H    UXIN UYIN/2E17.9) 

62    FORMAT(1H / 
2 8H    DTNM/E17.9J 

66    FORMAT(1H / 
218H MAXN    TIME MAX/I6»E17.9» 

65 FORMAT(1H / 
210H CUTOFF/E17. • 9) 

70 FORMAT(14H1    PROBLEM« F7«2t5X6HTIME> E17.9t5X9HOELTA T* EI7« 
B IH // 
2119H Y Z VOL             RHO 
3 ETA E • J»  K»CYCLE»/ 
4112H U(N-l/2) V(N-l/2) ZONE MASS       MP1 
5 AMI PQNXX PONYY / 
6112H MOM Y MOM I PT. MASS        MP2 
7 AW 2 PQNXY POX   // 
6 13(6E17.9.3H  ••I3tlH**13»lH*tI5»1H*/7E17«9/7E17*9//) 
7 6E17«9»3H  »»I3»IH*»I3»IH*»I5»IH»/7E17.9/7E17«9I 

76 FORMAT (17» 6E16.7 / 7X 6E16.7/I 
75 FORMAT (1H0 9X 6HSENERI 10X 6HSMASSI 10X 6HSM0MYI 10X 6HSMOMZn 
76 FORMAT (7X 6E16.7» 
77 FORMAT (7H0FOR J» 16» 7H AND K« 16» 10H THE MASS« E16.7. 6H ERROR) 

78 FORMAT(IH / 
253H U(LEFT  BOTTOM)        U(BOTTOM) U(RIGHT   BOTTOM)/ 
353H V V V // 
6(3El7*9n 

79 FORMAT(IH / 
250H    U(LEFT TOP)      U(TOP) U(RIGMT TOP)/ 
350H    V V V // 
6(3E17«9)) 

80 FORMAT(IH / 
227H  JMAX  XMAX   U(INTERIOR)/ 
327H V // 
6(2I6»EIT*9)) 

,81    FORMAT(IH / 
222H  JMAX  UMAX   R ZERO/ 
331H INITIAL DENSITY/ 
63IH ENERGY // 
5(2I6»EI7*9)) 

83    FORMAT(IH / 
232H    FMLY(RIGHT)      FMLZ(RIGHT)/ 
3 2E17.9/1H1/) 

86    FORMAT(26H0JBMIN JBMAX KBMIN KBMAX/6I6) 
85    FORMAT(IH / 

293H    TINY A TINY B BIG A BIG B 
3        V(S) E(0)/6E17.9/ 
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459H E(Sl ALPHA iETA QCUN/ 
5 4E17.9I 

•6 FORMAT(1H   / 
210tH       J Y      . J V 4- \ 
3 J Y J Y/ 
4(9CU»3XtE17«9Ml 

87 FORMATIIH / 
2108H   K      Z i      I K      ^ 
3 K     i K     Z/ 
4f9(I4f3XtE17«9)n 

88 FORMAT(1H / 
224H  JMIN  JMAX  KMIN  KMAX/4I6I 

89 FORMATC1H / 
227H  JMAX  KMAX    U(INTERIOR)/ 
3(2I6fE17.9)) 

90 FORMAT 11H / 
227H  JMAX  KMAX    V( INTERIOR)/ 
3(2l6tE17«9)) 

91 FORMAT(IH / 
222H  JMAX  KMAX   R UHO/ 
3(2I6fE17.9)) 

92 FORMAT!IH / 
23IH  JMAX  KMAX.   INITIAL DENSITY/ 
3(2I8tE17«9)) 

93 FORMAT(IH / 
230H  JMAX  KMAX    INITIAL ENERGY/ 
3(2I6»E1799n 

DO 900 J*lt600 
900 DUMPV(J)«0.0 

DO 901 J«l»19250 
901 RX(J)«0*0 

DO 902 J«It 1595 
902 A(J)>0* 

NMASS > 1 
IF (EOFtS) lOltlOO 

100 READ (5fl) TITLE 
MRITE(6f01)TITLE 
READ 19»2) PROBNO 
IF (PROBNO.6T.0.)  60 TO 103 
IF INDMP.EO.O)    60 TO 102 

101 END FILE 10 
REMIND 10 

102 STOP 
103   WRITE(6t51)PROBNO 

READ(5»3)(KSV(J)tJ>ltl2) 
WRITE (6*52) (KSV(J)»J*ltl2) 
READ (5t2) (SAV(J)»J>lt6) 
WRITE (6*53) (SAVU)tJ«lt6) 
REA0(5t3)JBOT*JT0PffKBOT»KTOP*KBU6fM0TIONf(KINT(JltJ>lf5) 
WRITE(6t56) JB0TtJT0P*KB0T*KTOP*KBU6fMOTI0NflKlNT(J)fJ-lf5) 
READ (5#2) DTNM 
WRITE (6*62) DTNM 
READ (5f2) CUTOFF 
WRITE (6*65) CUTOFF 
READ (5f4) MAXNt TMAX 
WRITE (6*64) MAXN* TMAX 
MAXRE6-1 
DO 10305 NRE6"1*MAXRE6 
WRITE(6t54)NRE6 
REA0(5*3) JMIN     tJMAX      tKMIN     .KMAX 
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WRITEC4f88}JMIN      tJMAX      tKMlN     tKMÄX 
REAOISt») (JYMlNtJYMAXt«TX(J»tJ«JYMlN»JrMAXn 
REAO(5t5) (XZMlN»XZNAX»(TY(X)tR-XZMlM»XZMAXn 

1U3ÜU IF«<JYMlN.tU.JMlN).ANO.<JYMAX.EQ.JMAX») 60 TO 10303 
READ(3t4») JTMAXtDELTA YtRATE Y 
IFCDELTA Y .LT.O) 60 TO 10302 
JTHIN-JYMAX>1 
JYMAX>JTMAX 
DO 10301 J-JTMlNtJTMAX 
TX(J)»TX(J-1)+0ELTA Y 

10301 OELTA Y »RATE Y «DELTA Y 
60 TO 10300 

1U302 STOP 
10303 IF((K2MlN.EQ.KMIN).AND«<KZMAX.EQ.XMA;;n 60 TO 10308 

REA0(3*4)KTMAXt0ELTA Z»RATE Z 
IFCDELTA Z.LT. 0) 60 TO 10306 
ICTMlN-KZMAX-fl 
XZHAX-KTMAX 
00 10304 J«KTMIN»XTMAX 
TY(J»«TY(J-1)*DELTA Z 

1U304 OELTA Z« RATE Z*DELTA Z 
60 TO 10303 

10306 KTMIN-KZMIN-1 
XZMIN>KTMAX 
00 10307 J«KTMAX.tCTMlN 
X-KTMIfO-KTMAX-J 
TYIX»«TY(X*1»*DELTA Z 

10307 OELTA Z-RATE Z*D£LTA Z 
60 TO 10303 

10308 MRITE(6t86) (J»TX(J).J-JMINtJMAX) 
MRITE(6f87) (K»TY(K)tX*KMIN*KMAX) 
SAVU2I«TY(KMAX) 
READ!3*2) UXLBIN»UXBlNtUXRBINfUYLBIN«UYBIN»UYRBlN 
MRITE(6t78)ÜXLBlNtUXBIN»UXRBlNfUYLBlNfUYBlNfUYRBIN 
READ(5»6) JUMAX»XUMAXtUXlN»JVMAXtKVMAXtüYlN 

. WRITE(6f80)JUMAX«KUMAX»UXIN»JVMAXtKVMAX»UYIN 
READ(5»2)UXLTINtUXTIN»UXRTIN tUYLTINtUYTIN.UYRTIN 
WRITE<6t79)UXLTINtUXTINtUXRTIN*UYLTIN«UYTIN*UYRTIN 
READ(5t6)  JZMAXtXZHAXvR ZERO(1)tJRMAXtXRMAXtRHOltJEMAXtXEMAXtEl 
WRITE(6f81)JZMAXtXZMAX*R ZERO(1)•JRMAXvKRMAXtRHOl • JEMAXtKEMAXtEl 
V ZERO«l./R ZERO 
RHOIN-RH01 
EIN-E1 
REA0(5f2)     TINY A(NREG).       TINY B(NRE6)i 

2 816 A(NRE6)» BI6 B(NRE6I»       RCP V S(NRE6)» 
3 E ZEROINRECOtE SINRE6)t ALFA(NRE6) •        BETAINRtG» 
4 .QCON(NREG) 
WRITE(6t83)   TINY A(NRE6}»      TINY B(NRE6). 

2 BI6 A(NRcG>. bIG B(NRE6)t       RCP V S(NRE6lt 
3 E ZERO(NRE6)tE S(NRE6)t ALFA(NRt6». BETA(NRtGl 
4 iOCON(NRE6) 
RCP V S(NRE6)>1./RCP V S CNREGl 
QCON(NREG)«.5*OCON(NRE6» 
READ(3•2) SFMLYR tSFMLZR 
WRITE(6t83)SFMLYRtSFMLZR 
IF(XBU6*6T«0) GO TO 10320 
JBMIN-JMAX^I 
JBMAX"JMAX<<>1 
KBMIN-XMAX^l 
XBMAX-KMAX^l 
60  TO   10303 
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10320  REA0C»t3)   JBMlNtJBMAXtKBMIHtlCBMAX 
kfRITE(4»84)JBMINffJBMAX»KBMIN»K8MAX 

10305  CONTINUE 
JR  •   JMAX-1 
JL   >  JMIN+I 
ST  ■   XHAX-1 
KB  ■   KMIN+1 
MT«l 
NRE6-1 
ICL«1 
KU-2 
MAXU»   JUMAX+(KUMAX-1J*JMAX 
MAXV«   JVMAX4(KVMAX-1)*JMAX 
MAXZ*  JZMAX4(RZMAX-n*JMAX 
MAXR-   JRMAX+(KRMAX-1»»JMAX 
MAXE"  JEMAX<MKEMAX-I)*JMAX 
P  ■  3 
Q •   1 
R •  2 
DO   10A   J.JMIN.JMAX 
RX(JtO)   *   TXfJ) 
RYUtO)   ■   TYI1) 
RX2(JfO)-RXIJ»0) 
RYZ(JfO)aRYfJtQ) 
IF(J,NE.JMINI   GO  TO   1030 
UNMX(JtO)«0* 
UNMY(JfQ)«UYLBlN 
60 TO 1035 

1U30  YOB (J-l) «SORT ((RX<J-ltü)»*2-fRX(J-l,Q)»RX(JtQ»*RX<J»U)»»2»/3.» 
YTERM(J-1)«.5»(RX(J»0)+YDB(J-1)» 
Y2TERM(J-l)-.5»(RX(J-ltQ)>YOB(J-in 
TRAPV(J-l»««5»(RX(J»Q)+RX(J-l»0n 
YDELTAIJ-ll-RXU-lfOI-RXIJtO) 
A2Q(J-lI«TRAPVi J-l)»YOELTAIJ-ll 
IF(J.N£«JMAX)   60  TO   1031 
UNMXUfQ)>0« 
UNMY(J*Q)>UYRB1N 
60  TO   1035 

1031     UNMX(JfQ)*UXBIN 
UNMY(JfO)-ÜYBIN 

1035     RHOIJ»Q)-RH01 
V0CJ»0)»V  ZERO 
U2IJffKL)>UNMX(JfO)*«2-»-UNMY(JfO}»*2 

iOk       ENMU»Q)-E1 
RHO(JMAX*0)   -  0. 
VO(JMAXfOI>0* 
ENMIJMAXtQ) ■ 0« 
00 134 K>KMINfKT 
JK>X*JMAX 
INT-MIE6 
00 107 J-JMlNtJMAX 
JK1«JK+J 
RX(J.R) « TX(J) 
RY(JfR) ■ TYCK4-1) 
RXZ(JtR)»RX(J*RI 
RYZ(JffR)«RY(J»R) 
IF((JK1.LE#MAXÜ).OR.(MAXU«LE.O)) 60 TO 1040 
READ(5t6)  JUMAX.KUMAXtUXlN 
WRITE!6*89)JUMAX*XUMAXtUXlN 
MAXU* JUMAX*(ICUMAX-1)«JMAX 

1040  IF((JK1*L£*MAXVUOR«(MAXV«LE«OM 60 TO 1041 
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READ!5»6) JVMAXtKVMAXtUYIN 
WRlT&(6*9O)JVMAX0lCVMAXffUYlN 
MAXV« JVMAX*(KVMAX-1)»JMAX 

1041 IF((JKl.LE.MAXZ).0R.(MAX2#LE.0n 60 TO 1042 
READ(5#6) JZMAX.KZMAXtR ZEROCll 
WRITE(6»91) JZMAX»KZMAX»R ZERO(l) 
V ZER0-1./R ZERO 
MAX2«   JZMAX+(ICZMAX-1»»JMAX 

1042 IF((JK1.LE.MAXR).OR.(MAXR#LE«0)>   60  TO   1043 
READ(5»6)      JRMAX.KRHAXtRHOl 
WRlTE(6»92)JRMAX»ICRMAXtRH01 
MAXR«   JRMAX-»-(XRMAX-l)*JMAX 

1043 IF((JKi,LE.MAXE».OR.(MAXfc,LE.0n 60 TO 1044 
READ(5«6)  JEMAXtKEMAXtEl 
WRITE(6»93)JEMAX»KEMAX»E1 
MAXE* JEMAX+(KEMAX-1)»JMAX 

1044 K1«»C + 1 
IF ( (J.LT.JB0T).0R«(K1.LT.ICB0T),0R»( J.6T,JT0P).0R.(X1,6T.KT0R) 

l«OR»(Kl«EO*KMAXn 60 TO 106 
UNMX(J*R) « 0. 
UNMYU.RJ * 0* 
60 TO 1065 

105 RHO (JtR) * 0* 
VO(J*R)«0« 
ENM (J»R) ■ 0* 
60 TO 107 

106 IF(J.NE.JMIN) 60 TO 10601 
TRAPYH(X)«RX(J»0)-RX(JfR) 
TRAPZH(K)«RY(JtR)-RY(JtO) 
UNMX(JfR)*0« 
1F(X.N£.XT) 60 TO 10600 
UNMY(JtR)«UYLTIN 
60 TO 10605 

10600 UNMY(JtR)*UYIN 
60 TO 10605 

10601 IF(J.NE«JMAX) 60 TO 10603 
UNMX(J*R)>0« 
IF(X.NE.KT) 60 TO 10602 
UNHY(J«R)«UYRTIN 
60 TO 10605 

10602 UNMY{J»R)»UYIN 
60 TO 10605 

10603 IF(X.NE.KT) 60 TO 10604 
UNMX(JtR)«UXTlN 
UNMY(JfR)«UYTIN 
60 TO 10605 

10604 UNMX(JtR}*UXIN 
UNMY(J»R)«UY1N 

10605 IF(X.EO.XT)   60  TO   105 
1065   CONTINUE 

RHOIJ»R)»RH01 
V0IJtR)>V ZERO 
ENN(J*R)«E1 

107 U2U*XU)-UNMX(JtR)**2-*-UNMY(J»R)**2 
RHO(JMAXtR)   ■  0« 
V0(JMAX*R)-0« 
ENMUMAXtRI   •  0* 
L>0 
L2-R 

106 00   110  J-JMINtJR 
R1H(J)«2**RX(J*L) 
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R2H|J)«|lX(J^lfL)«2* 
Z2H(J|>RYIJ4lfL)*2* 
R3H(J|«RXUntL2)*2« 
23HfJ)«RY(J^lfL2)«2* 
R«HU)«RxtJ»L2)*2« 
Z4H(J}>RY(J»L2)«2« 
R41H*R4H|JKR1H(J) 
RI2H>R1H(JKR2H(J) 
R23H-R2H|JKR3H(J) 
R34H>R3H(JKR4H|J| 
A4l«RX(JtL»»RY(J.L2l-RX(JfL2)»RY(JtL» 
A12«RXCJ+ltL)»RY<J»L»-RX(JtL)*RY<j4l»L) 
A23>RX(J+ltL2)*RY(J+ltU-RXIJn*U*RYU+lfL2) 
A34«RX(JtL2)»RY(J-HtL2»-RX(J*l.L2)«RYCJ.L2» 
A41H>2**AA1 
A12H«2a*A12 
A23H>2«*A23 
A34H*2««A3A 

S AlY(JtL)>(l£AHU|*R41H-Z2H(J)*RI2H|*«5^A41H4>A12H)/(-12*) 
A12U.L)«(R2H(J)»Rl2H-R4HJJ|»R41H»/(-24.) 
A2Y(JtL)>n£lH(J)*R12H-Z3H(J)*R23H|«c3^A12H4A23H)/(-12«l 
A2Z(JtU>(R3H(J)*R23H-RIH(J)*R12H)/(-24*) 
A3YCJtL)«((Z2H(J)«R23H-Z4H(J»«R34HI».5^A23H^A34H)/(-12.» 
A3Z(JfL)«(R4H(J)*R34H-R2  H(J)*R23H)/l-24.I 
A4YCJtL)>((Z3H(J)«R34H-ZlH(J)*R41H)*«3^A34H4>A41H)/(-12*) 
A4Z(JtU«(RlH(J)*R41H-R3H(J)*R34H)/(-24«l 
IF(J.EQ.JMIN)   ZTERM«.3«(RY(JtR)-RYlJ»0)} 
AWKJtQ)«(RX(J+l.Q)-YOB(J))*ZTERM 
AW2(J.O)«(YDB(J»-RX(J»0)|*ZTERM 
IF(X.NE.KMIN>   GO  TO   1081 
CV0L1>YTERM(J)*AW1(J»Q) 
CVOL2>Y2TERM(Jl*AM2(JfQ) 
TA1(J)«CV0L1/(CV0L1*CV0L2) 
TA2(J)*lt-TAl(J) 
CMASSl(J.O)«CVOLl»RHO(JfO) 
CMASS2(J*0)>CVOL2*RHO(JtO) 
GO  TO 1082 

1081 CMASSl(JtO)*AWlCJ»0)*YTERM(J)*RHO(J»OI 
CHASS2CJtO)>AM2(J*Q)*Y2TERM(JI*RH01JtOI 

1082 Y1P2-RX(J+1.0)+RX(J»0) 
Z12>RY(Jt>l*Ci)-RY(JfO) 
Y2P3"RXUfQKRX(JtR} 
Z23>RY(JtO)-RY(JtRl 
Y3P4>RX(JtR>4.RX(J>lfR) 
Z34«RY(J*R)-RYIJ^1«R) 
Y4P1>RX(J^1*R)^RX(J^1»0) 
Z41>RY(J^ltR)-RY(J^l»0) 
VOL(J.0l«iZl2»(YlP2»«2-RXCJ*lt0l«RX(Jt0ll*Z23»iY2P3<Mi2-RX(JtUI» 

1 RX<J»R))*Z34»(Y3P4-RX(JtR)»RX(J-H.Rn*Z41«(Y4Pl»*2-RX(J*l.R)* 
2 RX(J^l»0M)/6* 

1085     FMASNM(JffQ)-RHO(J»0)*VOL(JfQ) 
IF   (FMASNM(J,0).GT.O.)     GO  TO  109 
KP   *  X 
WRITE   (6t77)   J.   KPt   FMASNM(J.O) 
NMASS  ■  2 

109       GO  TO   (I090f1091.1090)»MOTION 
1090     ETACJ»Q)>RHO(J»0)*VO(JfO) 

GMU«ETA(J»0)-1* 
ERHO*ENM(JfOl*RHO(J»0) 
EZETA«EZERO*ETA(J»0)**2 
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6« ENMIJtOl/EZbTA+l* 
BOV£RG«TINYB/G 
IFneTA(J»OJ.GE.l*UOR.UENM(J.O».Lt.ES).ANO.JETA(J.UJ.6T.RCPVSM» 

2 GO  TO  10900 
H«-6MU/ETA(JtOI 
*ETAH«EXP(-DETA»H) 
ALFAH«EXP(-ALFA»H#»2) 
AMUBH>B16A*6MU*BETAH 
PNM(J tQI■   TINYA«ERHO+(BOVERG*ERHO+AMUBH|«ALFAH 
GO     TO   1092 

1090Ü  AMUBMU*GMU*(BI6A-*-BIGB«GMU) 
PNM ( J10)«( T1NYA-fBOVERG)«ERHO*  AMUBMÜ 
GO  TO   1092 

1091 PNM(J.O)   ■  0*0 
1092 Qll(JtO)«0*0 

Q12(JfO)«0«0 
022(J»Q)«0»0 
QX(J»O)"0*0 

1095     P0NMXX(Jtä)«PNM(J»QK011IJfQ) 
•   P0NMXYIJtQ)"012(JtQ) 

PQNMYY (JtO)-PNM( J t0KQ22 (J»0) 
POMX(J»0)«PNMIJtQ)^OXIJtQ) 
NTPT(JfO)"3 
SMASSI   •   SMASSI*FMASNH(JtO) 

110       SENERI«SENERI+FHASNM(JtO)*ENM(JtO) + «»*(CMASSl(JiO)*CU2(J+lfM.) + 
2 U2(J + ltlCU»)*CMASS2(J»0)*(U2<JtKL)+U2(J»KU))) 

1313     XL>KU 
XU*M00(KLf2Kl 
IF(K.EQ*KINT(NREG) )NR£G«NREG^1 
FMLYR(K)*SFMLYR 
FMLZR(K)«SFMLZR 
IF(K»GT.XMIN)   GO  TO   121 
FMSNZ(JMIN tQ)"CMASS2(JMIN »0) 
FMNMX(JMINfO)-0* 
00 114 JaJLtJR 

112 FMSNZ(J10)■CMASS2(J»QI♦CMASSl(J-l.0) 
113 FMNMX(JtO)«FMSNZ(JtQ)»UNMX(J.O) 

FMNMY(J.Q)«FMSNZCJ.O)»UNMY(JfQ) 
SMOMYI ■ SMOMYI^FMNMX(JtO) 

114  SMOMZI ■ SM0MZl4-FMNMY(Jt0) 
FMSNZ(JMAX»Q)«CMASSl(jRtO) 
FMNMX(JMAXtOJ«0* 
GO TO 131 

121   FMSNZ ( JMIN tQ )«CMASS2( JMIN fOH-CMASS2(JMINf PI 
FMNMXIJMINfO)"0* 
DO 125 J-JLtJR 

12 3   FMSNZ (JtOI«CMASS2 ( J»P)♦CMASSl (J-l tP )-»-CMASSl (J-l 101♦CMASSZ ( JtO) 
124 FMNMX(J.O)«FMSNZ(JtO)»UNMX(J.O) 

FMNMYIJ.O)«FMSNZ(J.O)*UNMY(J.Q) 
SMOMYI > SM0MYI+FMNMX(J»0) 

125 SMOMZI « SMOMZI*FMNMY(J»0) 
FMSNZ (JMAX*Q)-CMASSl (JR »O^CMASSl I JR tPl 
FMNMX(JMAXf01*0. 

126 IF (K.LT.KT)  60 TO 131 
FMSNZ(JMIN.R)«CMASS2(JMIN.0) 
FMNMX(JMINtR)«0« 
DO 130 J«JLtJR 

125 FMSNZ(JtR)"CMASSl(J-ltO)>CMASS2(JtOI 
129  FMNMXIJfR)«FMSNZ(JfR)*UNMX(JfR) 

FMNMY(JtR)«FMSNZ(J»R)*UNMY(JtR) 
SMOMYI « SMOMYH-FMNMX(J.R) 
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130     SMOM2I   ■  SMOMZI«>FMNMY(J»Rl 
FMSN£(JMAXfR)>CMASSllJR  »01 
FMNMX UMAX •*)»()• 
FMMMY(JMINfR)«IFMSN2(JMlNiRI*Uf«MY(JMlNtR) 
FMNMY(JMAXtR)«FMSNZCJMAX tR)«UNMYCJMAX•R) 
SNOMYI   >  SMOMYI>FMMMX(JMAXfR)^FNNMX(JMlN«R) 
SMOMZI   -   SMOMZUFHNMYf JMAXtR)^FNNMY(JMINfR) 

131 FHNMY(JMINtQ)>FMSNZ(JMlNtQ)*UNMYf JMlNtO) 
FMNMY(JMAX»Q)-FMSNZ(JMAX tO)«UNMY(JMAX »0) 
SMOMYI   •  SM0MYUFMNMX(JMAXtQKF»4MMX(jMINtä) 
SMOMZI   •   SMOMZl4>FMNMY(JMAXfO)4>FMNMY(JMlNtU) 

1350     LS»P 
P  ■  0 
• • i 
R •  LS 
XMOUT   ■   1 

132 L-P 
WRITE(MT| (RX(JfL)i 

ENMlJfDt 
VOL(JtL)* 
FMNMXUtUt 
A3YCJ»L)t 
A%Z(JtL)» 
RXZ(JtL)t 

2 FMASNMUtU» 
3 PONMYYUtLIt 
4 PQMX(JtL)» 
5 A2Y(J.L)f 
6 A3ZIJfL)f 
7 CMASS2UtUt 

133        1F(KSV(12).GT.0)   60  TO 
00  1330   I«JMIN»JMAX.U 
JPR1NT«U13 
IF(JPRINT.6T.   JMAX)   JPRINT 
00   13300  J*ItJPRINT 

13300  FM&NZ(JfP)-2«*FMSNZ(JfP) 
1330     WRlTt(6t70)        PROBNOt 

RYU.Lit 
PNMUtUt 
RHOU.Dt 
FMNMY(J.L). 

A4YUfL)» 
AWlUtU. 
RYZ(JffL)* 

UNMXiJtL). 
PQMMXXU»L)f 

NTPTUtD* 
AlZUtD* 
AW2(J»L). 
VO(J,L). 

UMMYtJ.L). 
PQMMXYUtDt 

AlYUtLIt 
A22(J.LIt 
CMASSlUtD* 
J«JMlNtJMAX) 

1335 

JMAX 

( 
RHOU»P)f 
UNMYU»P)f 
PONMYY(J»P). 
AW2U»P)» 

1335 
134 

1345 

140 

V0LU»P). 
UNMX(J.P)» 
PQHMXX(J.P). 
CMASS2(J»P)* 
J«I.JPRINT) 

00  TO   (134fl40)*KMOUT 
CONTINUE 
X-XMAX 
FMLYRIKMAX)>SFMLYR 
FMLZRIKMAXI-SFMLZR 
XMOUT   «2 
P  ■  0 
00 1345 J-JMINtJMAX 

VOLU.P) > 0 
NTPTUtP) • 0 

FMASNMU.P) ■ 0 
PONMXXU.P)«0 
PQNMXY(J*P)«0 
PQMXU»P)>0 
PONMYY(J.P)«0 
GO TO 132 
WRITE(6f75) 
REWIND MT 
WRITE (6.76) SENERIt 
OTNMP5-«5*OTNM 
OTNM2«2.»DTNM 
CUT1«0TNM»CUT0FF 
CüT2«0TNM2*CUT0FF 
R0TNM-1»/0TNM 

TIME. 
RX(J.P). 
ETA(J.P). 
FMASNM(J.P). 
FMNMX(J.P). 
PQNMXYU.P). 

DTNM. 
RY(J.P). 
ENM(J.P). 
CMASSKJ.P). 
FMNMY U»P). 
POMX(J.P)» 

J. K.N. 
AWKJ.P). 
FMSNZ U.P) 

SMASSI. SMOMYI. SMOMZI 
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RETURN 
END 
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MUG« 
TIME»   SMOMZlt 
SlETPTt SKETPT. 
SMASSIt SMSTPT. 
KTOPt   MAXN» 
CÜT1«   CUT2t 
UYLTINt UYTIN» 
.MAX*   KMIN, 

EINf 
ALFA(3). 
TINY B(t)), 

YTERM(55). 
FMLZR(lOl)t 

EP2(55)t 
LYl(55). 
PZ{55). 
Z1H(55), 
B(53f4) 

SUBROUTINE  RSTART 
COMMON 

2 KBMAXt 
3 SENERlt 
4 FIMPY» 
5 ICBOT» 
6 KBt 
7 UXRBIN. 
8 JMIN» 
9 ICT. 
A t 5(5)t 
2 TINY A(3)t 
4 <SV(24). 
5 FMLYR(lOl) 
COMMON 

2 EPY(55). 
3 FML2T(55)t 
k  PY(55). 
b  R4H(55). 
6 U2(55.2U 
COMMON 

A 
1 UNMY(55.5) 
2 ENM(35t5) 
3 PQNMXX(55*5) 
4 PQNXY(55fS)• 
b  RWAE3Z(53*£>) 
6 E3Z(5ätb) 
7 ETA(5b.5) 
8 A4Y(55.5) 
9 A4Z(55f5) 
A F4Y(55f5) 
1 F4Z(55.5) 
2 FMNMX(33(3) 
4 AW1(33.5) 
3 RXM(33t3) 
6 Q1I(33»3) 
7 PU(53«3) 
8 POX(33*3) 
COMMON   ICON* 

2 KC.     NDPAt 

RDTNM* 
SMZTPT. 
WORK» 
SMASS* 
TMAX* 
UYLB1N» 
UYRTIN» 
XMAX« 

RH01N* 
BIO A(3)* 
R 

MOTION* 
SMOMZ* 
SUMIE* 
PROBNO* 
OTNMN* 
UYBIN* 
UXLTIN* 
JL* 
UYIN* 

BIO B(3 
ZERO(3)*BETA(3) 

Y2TtRM(33)» 
VACANT(13) 
A(35)*    / 
FMLYB(35)* 
LY2(55)« 
R1K(33)* 
Z2H(33)* 

JBMIN* JBMAX* KBMIN* 
SMOMYI* SMYTPT* SMOMY* 
SUMKE* SUMTE* FIMPZ. 
DTNM* CUTOFF* N* 
SFW* DTNMP5. DTNM2* 
UYRBIN* UXLBIN* UXBIN* 
UXTIN* UXRTIN* KTM» 
Jit JR*     JRM. 

UXIN,      KINT(3)* 
)*  RCP V S(3)*E <.ERU(3)* 
*   0C0N(3)*   SAV(12)* 
TA1(35)*     TA2(33)* 

OlL(35). 
FMLYT(33)* 
LZ1(33)* 
R2H(35)* 
Z3H(33)* 

EPX(35)« 
FMLZB(55)t 
LZ2(33)* 
R3H(33)* 
Z4H(33)* 

RX(33*5)» 
UNPX(33*3)* 
EN(35«5)* 
PQNMXY(33*5)» 
PQNYY(33t3)t 
RWAElZ(33t3)* 
ElZ(33t3)* 
A1Y(33»3)* 
A1Z(33*3)* 
F1Y(33.5). 
FIZ(33»3). 
NTPT(53.3). 
FMNMY(33*3)* 
AW2(33.3)* 
RYM(53»3)* 
012(35,5)» 
P12(33«3)* 
POMX(35*5)* 

LINCT»  LX1» 
NEOIT*  NSIG» 

RY(53,3). 
UNPY(55*5)* 
PNM(33*3)* 
PQNMYY(33»3)* 
RMA3Z(33*3)* 
RH3Z(35»3)* 
RHO(35*3)* 
A2Y(35*3)* 
A2Z(33*3)» 
F2Y(55*5). 
F2Z(55*5)* 
FMSNZ(35*5)» 
FMNX(33*5)* 
CMASS1(33*3)« 
RXZ(33*3)* 
022(35*5)* 
P22(55*3)* 
VO(55*5) 

LX2* 
NMASS* 

UNMX(55*5)* 
FMASNM(53*51* 
PN(53*5)* 
PUNXX(55*5)* 
RWA1Z(33*5)* 
RH1Z(33*5)* 
VOL(33*5)* 
A3Y(33*3)* 
A3Z(53*3)* 
F3Y(35*5)* 
F3Z(53.3)* 
FMASN(55*5)* 
FMNY(33*5)* 
CMASS2(3d*5)» 
RYZ(35*3)* 
OX(33*3). 
PX(35*5)* 

LX4» LX3* LX3* 
NDMP 

AZQ(35)»TRAPV(35)*TRAPYH{101)»TRAPZH(101)*AYO(33) COMMON 
2*YOELTA(35) 
COMMON        SI(33)»52 (101) 
COMMON OMU(5 5)*H(33)»BET AH(33)* ALF AH(33)* AMUBH(3 3)* AMUBMU(33)» 

2 ICASE(35) 

C****ft 

C**«** 

90Ü 

901 

902 

10 

DIMENSION DUMPV(600) 

EQUIVALENCE (NREG.DUMPVd) ) 

DO 900 J«l»600 
DUMPV(J)«0*0 
DO 901 Jrl*19250 
RX(J)«0*0 
DO 902 J«l*1595 
A(J)»0* 
DO 60 KK«l*ICON 

READ(9) (DUMPV(J)»J«1»6U0) 
IF(IOCHECK*9)12»12 
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12 IF(KK-ICON)13.25t25 
13 REA0(9)   DUMPV(600) 

IF(E0Ft9)15*14 
14 WRITE(6»54)KIC*K 

NMASS«2 
RETURN 

19 00  20  K»ICHIN*KMAX 
REA0(9)0UMPV(1) 
1F(IOCHECK*9)20»20 

20 CONTINUE 
READ«9)   OUMPV(600I 
IF(EOF*9)22*21 

21 DO  210   1*1*1000 
RcA0(9)0UHPV(600) 
lF(EOFt9)22f210 

21 ü       CONTINUE 
215       WRITE(6*54)KK*K 

NMASS*2 
RETURN 

22 READ(9)   DUMPV(600) 
IF(EOF(9)60*23 

23 WRITE(6*55)KK*IC 
NMASS«2 
RETURN 

25 JMX-JMAX 
KMX»KMAX 
REA0(9J   DUMPV(600) 
IF(EOF*9)30*26 

26 WRITE(6*54)KK*K 
NMASS«2 
RETURN 

30   DO  45   K«KMIN*XMAX 
'     DO   31   J'JMIN.JMAX 

S1(J)«RXM(J*1) .       v 
31 S2(J)«RYM(J*1) 

REA0(9)      ( RXM(J*1)» RYM(J*1)* 
2 UNMX(J.l)*       UNMY(J*1)* FMASNM(J»1)* ENM(J*1)* 
3 PNM(J.l)* PONMXXIJ*!)* PQNMXY(J.l)» PttNHYY(J*l)* 
4 V0L(J*1)* RH0(J*1)* PQMX(J*1). 
5 FMNMX(J*1)*     FMNMY(J*1)* 
6 NTPTUtD* 
7 A1Y<J»1). A2Y(J*1)* A3Y(J*1)* A4Y(J*1)* 
8 A12(J*1|* A2Z(J»1)* A3Z(J*1)* A4Z(J*1)* 
9 AW1      (J*l)*     AW2      (J*l)* CMASSKJtl). CMASS2(J*1)» 
A                                                VO(J*l)f                                              J*JMIN*JMAX) 

lF(XiC-IC0N)45*35*35 
35 IFdC.EOtKMINJGO  TO  36 

J*JHIN 
TRAPYH(X-1I«S1(J)-RXM(J*1) 
TRAPZH(K-1}»RYM(J*1)-S2(J) 
GO  TO  39 

36 00  37   J«JL»JMAX <, 
TRAPVIJ-l)«.5«(RXM(J*l)-»-RXM(J-l*l))                                                                                       4 

YDELTA(J-1}-RXM(J-1*1)-RXH(J»1) 
37 A2Q(J-1»«TRAPV(J-1)»Y0ELTA(J-1| 

L«l 
NBR>N0D(N*2)^1 
60  TO(370*375)*NBR 

370       MT«3 
GO TO  39 

375       MT«1 
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39 WRITE(MT)              (RXM(JfL) »         RYM(JtUi 
2  FMASNMIJtDt   ENMCJ.L). PNM(JtL)» 
3 POMMYYIJtU»   VOLUtLI» RHO(J»L)* 
4 POMX(J»L)t        FMNMX(JtL).     FMNMY(JfL)t 
5  A2Y(J»L)t           ASYUtDt A4Y(JfL)f 
6 A3Z(J«L)»          A4Z(J»L)« AWKJtU. 
7  CMASS2(J*L)t   RXZiJtU» RYZiJtLIt 

45 CONTINUE 
REWIND MX 
READ(9)   0UMPV(600) 
IFtE0F»9;47f46 

46 WRlTE(6t54)KICfK 
NMASS*2 
RETURN 

47 REAO(9)   OUMPVC600) 
IF(E0F»9)60f48 

4S WRITE(6t55)KKtH 
NMASS-2 
RETURN 

60  CONTINUE 
REWIND 9 
READ(5»4) 
REAO(5flMKSVfJ)*J«lfl2) 
REAO(5f2KSAV(J).J«lf6) 
REAOI5t3)MAXNtTMAXfOTNMNtPROBNN 

49 IF(PROBNN)70f70*64 
44 PROBNO-PROBNN 
70 WRITE(6f53)ICON»PROBNO» 

WRITE(6»4) 
riMEtN 

WRITE   (6t50MKSV(J)tJ«l fl2i 
WRITE   (6.51MSAV(J)»J«1 • 6) 
WRlTEI6»52)MAXN*TMAX»DTNMNtPROBNN 
RETURN 

1 FORMAT(12161 
2 FORMAT(6E12.5» 

3 FORMAT«l6t5El2«5) 
4 FORMAT(72H 

1                                       ) 
FORMAT 11H  / 50 

272H     XSV1     KSV2     KSV3 K.SV4     XSV5     KSV 
3V11   KSV12/ 
4(12161) 

51 FORMAT(1H  / 
293H          SAV1 SAV2 
3                      SAV5 SAV6/ 
4(6E17.9n 

52 FORMAT(1H  / 
250H     MAXN          TMAX DTNMN 
3   I6.3E17,9/) 

53 FORMAT(22H1THIS   IS  A  RESTART  RUN/ 
240H     DUMP          PROBLEM TIME 
3l6tF11.2»£17.9.I6) 

54 FORMAT(2I6fl5HTHERE   IS 00  EOF) 
55 FORMAT(2l6tl5HTHERE   IS 

END 
01  EOF) 

UNMX(JtL)» 
PONMXX(J.L)» 

NTPT(JtL)t 
AlZ(JiL)f 
AW2(J«L)t 
VO(J»L)t 

UNMY(JfL)t 
PQNMXY(JfL)» 

A1Y(J»L)» 
A2Z(J»Ut 
CMASSKJtDt 
J«JMlNfJMAX) 

•CSV?  KSV8  KSV9 XSV10 KS 

SAV3 SAV4 

PRÜBNN/ 

CYCLE/ 
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TIME* 
SIETPTt 
SMASSI. 
KTOP» 
CUT It 
UYLTINf 
JMAX. 

EIN. 
ALFA(5). 

SUBROUTINE SETTPT 
COMMON 

2 KBMAXt 
SENERI. 
FIMPVt 
KMTt 
Kit 
UXRBINt 
JMIN» 
KTt 
E S(5). 
TINY A(5)t 
ICSVI24)f 
FMLYRCIOD» 

COMMON 
2 EPY(55), 
FML2T(55)» 
PY(53)f 
R4H(55>. 
U2(55t2)» 
COMMON 

A 
UNMY(55.5 
ENM(55.5) 
PONMXX(55.5». 
PONXY(55»5). 

IM 

NR EG. 
SMOM2I. 
SKETPT. 
SMSTPT. 
MAXN. 
CUT2. 
UYTINt 
KMIN. 

RDTNM. 
SMZTPT. 
WORK. 
SMASS. 
TMAX. 
UYLBIN. 
UYRTIN. 
KMAX. 

RHOIN. 
BIG A(5). 

MOTION. 
SM0M2. 
SUMIE. 
PROBNO. 
ÜTNMN. 
UYblN. 
UXLTIN. 
JL. 
UYIN. 

BIG B(5 
TINY B(5). R 

YTERM(35). 
FMLZR(lOl). 

EP2(55) 
LY1(55) 
PZ(33). 
Z1H(S3) 
B(53.4) 

2ERO(5).BETA(5) 
Y2TERM(55). 
VACANT(15) 
A(55). 
FMLYB(55). 
LY2(55). 
R1H(55). 
Z2H(55). 

JBMIN. 
SMOMYI» 
SUMKE. 
DTNM. 
SFW. 
UYRBIN* 
UXTIN. 
J3. 

UXIN» 
)» RCP V 
• OCON( 
TA1(55). 

JBMAX. XBMIN. 
SMYTPT. SMOMY. 
SUMTE. FIMP2. 
CUTOFF» N. 
DTNMP5. DTNH2» 
UXLblN. UXoIN. 
UXRTIN. XTH. 
JR.     JRM. 

KINT(5). 
S(5)»E 2ERU(5). 

5).   SAV(12). 
TA2(55). 

OIU55). 
FMLYT(55». 
L21(55). 
R2H(55). 
Z3H(55)» 

tPX(55). 
FMLZB(55). 
LZ2(55). 
R3H(55)> 
Z4H(55). 

RWAE3Z(55 
E32(55.5) 
ETA(55.5) 
A4Y(55.5) 
A4Z(55.5) 
F4Y(55»5) 
F4Z(55.5) 
FMNMX(55. 
AW1(55.5) 
RXM(55.5) 
011(53.5) 
Pll(53.3) 
POX(55.5) 

COMMON 

). 

ICON. 
NOP A. 

RX(55.5). 
UNPX(55»5). 
EN(55.5). 
PONMXY(55.5)< 
PQNYY(55.5). 
RWAElZ(55.5)i 
E1Z(55.5). 
A1Y(55.5). 
A1Z(55»5). 
F1Y(53.5). 
F1Z(55.5). 
NTPT(55.5). 
FMNMY(55.5). 
AW2(55.5). 
RYM(55.5). 
012(55.5). 
P12(55.5). 
POMX(55.5). 

L1NCT.  LX1. 
NEOIT»  NSIG. 

RY(35.5). 
UNPY(55»5). 
PNM(55.5). 
PQNMYY(55.5). 
RWA3Z(55»5). 
RH3Z(55»5). 
RHO(55.5). 
A2Y(55.5). 
A2Z(55.5). 
F2Y(55.5). 
F2Z(55,5). 
FMSNZ(55.5). 
FMNX(55.5). 
CMÄSS1(55.5). 
RXZ(55.5). 
022(55.5). 
P22(55.5). 
VO(55.5) 

LX2. 
NMASS. 

UNMX(55.5)t 
FMASNM(55.5). 
PN(55.5). 
PQNXX(55»5). 
RWA1Z(55.5). 
RH1Z(55.5). 
VOL(55.5). 
A3Y(55.5). 
A3Z(55.5). 
F3Y(55.5)» 
F3Z(55»5)» 
FMASN(55»5). 
FMNY(55.5). 
CMASS2(55.5). 
RYZ(55»5). 
0X(55.5). 
PX(55.5)» 

LX<». LX5. LX3. 
NDMP 
)»TRAPZH(101).AYO(55) 

2 XC. 
COMMON      AZ0(55).TRAPV(55)*TRAPYH(101 

2 . YDELTA(55) 
COMMON        SI(55).52(101) 
COMMON GHU(55).H(55).BETAH(55).ALFAH(55).AMUBH(55).AMUBMU(55)• 

2 ICASE(55) 

L-LX1 
L4«LX4 
L5-LX5 
DO 100 J-JMIN.JR 
SN0ISE«RH0(J.L)-2.»RH0(J.L5)^RH0(J.L4) 
IF( ABS(SNOISE)«LE.(RHO(J.L5)«10*E-6))GO TO 20 
IF(SNOISE)10.20.30 

1U Ö(J.4)«-1.0 
GO TO 40 

20 B(J.4)-0«0 
60 TO 40 

30 B(J»4)«1.0 
 AX IS ZERO RY(J.L)»RY(J*1.L) 
40  WY « UNPY(J.L4) + UNPY(J+1.L4) 
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75 

80 

as 

90 
100 

MOA* •5»WY*AZQ(J) 
6ACKWAR0 TRANSPORT 
GO TO »5 
IFCICC.EQ.3) GO TO bb 

5Ü lFIABS«-B(J»4H'BCJ,3)*e(Jf2)-B(Jtl))-*.0) 60f95»60 
ii   IFlWOA)75f80.e5 
60 IF(WDA)65»80f70 
8» IF(ABSIB(Jt3)-B(Jf2)*B(J.l))-2«0» 90»75.7J> 
70 IFIABS<B|Jt4)-B(J»3l*B(J»2n-2.0) 90»8&f8& 

NTPT(JfL4 )«1 
GO TO 100 
NTPT(JfL4 l»2 
GO TO 100 
NTPTU»L4 )«3 
GO TO 100 
NTPTU»L4 )"4 
CONTINUE 
RETURN 
END 
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200 
C 

201 
202 

SUBROUTINE  STRESS 
COMMON 

2 ICBM AX t 
3 SENERIt 
4 FlMPYt 
5 KBOTt 
6 ICBt 
7 UXRBINt 
8 JMINt 
9 KTt 
A E S(5)t 
2 TINY A(5). 
4 iCSV(24)t 
3 FMLYRdODi 
COMMON 

2 EPYJ55)t 
3 FMLZT(55). 
4 PY(55I. 
5 R4H<55)f 
6 U2(55»2)f 

NREG» 
SMOMZI* 
SKETPTt 
SMSTPTt 
MAXNt 
CUT2» 
UYTINt 
KHIN» 

TIME» 
SIETPT» 
SMASSI» 
KTOP» 
CUT1» 
UYLTIN* 
JMAX» 

EIN» 
ALFA(5)» 
TINY bib)9 R 
YTERM(55)» 
FNLZRdGl)» 

EP2(55)» 
LY1(55>. 
P2(55). 
21H(55)» 
B(55»4) 

RDTNM» 
SMZTPT» 
WORK» 
SMASS» 
TMAX» 
UYLBIN» 
UYRTIN» 
KM AX. 

RHOIN» 
tilG A{5). 

MOTION» 
SMOMZ» 
SUMIE» 
PROBNO» 
OTNMN» 
UYBIN» 
UXLTIN» 
JL» 
UYIN» 

BIG 6(5 
ZERO(&)»BETA(3) 

Y2TERM(55)» 
VACANT(15) 
A(55). 
FMLYB(53)» 
LY2(55). 
R1H(55). 
Z2H(55)» 

JBM1N. 
SMOMYI» 
SUMKE» 
OTNM» 
SFW» 
UYRBIN» 
ÜXTIN» 
J3» 

UXIN» 
)• RCP V 
» OCON( 
TA1(66). 

JBMAX» KBMIN» 
SMYTPT» SMOMY» 
SUMTE» FIMPZ» 
CUTOFF» N» 
DTNMP5. DTNM2» 
UXLBIN» UXbIN» 
UXRTIN» KTM. 
JR»     JRM» 

KINT15). 
S(b),E ZERÜ(t>) 

3)»   SAV(12). 
TA2(i>&). 

DIL(&5|» 
FMLYT(55)» 
LZ1(55I. 
R2H(55). 
23H(S5)» 

tPX(b5). 
FML2ö(55). 
LZ2(5»)» 
R3H<b5)» 
Z4H(3$)» 

COMMON 
A 
1 UNMY(35»3 
2 ENM(55.5) 
3 PONMXX(55»5). 
4 PONXY(55.5). 
5 RWAE3Z(55.5). 
6 E3Z(55.5) 
7 ETA(55.5) 
8 A4Y(53»5) 
9 A4Z(53.5) 
A F4Y(55»5) 
1 F4Z(55.5) 
2 FMNMX(55»5)» 
4 AM1(59»5) 
3 RXM(55.5) 
6 011(55.5) 
7 Pll(55.5) 
8 POX(55.5) 
COMMON   ICON» 

2 KC»     NOPA» 

RX(55.5). 
UNPX(55»5)» 
EN(55.5). 
PONMXY(55.5)» 
PONYY(55.5). 
RWAE1Z(55»5)» 
E1Z(55»5)» 
A1Y(55»5)» 
A1Z(55»5)» 
F1Y(55»5). 
F1Z(55»5). 
NTPT(55»5)» 
FMNMY(55.5). 
AW2(55»5). 
RYM(55.5). 
012(55*5)» 
P12(55»5). 
POMX(55.5), 

LINCT»  LX1» 
NEOIT»  NSIG» 

RY(55»5)» 
UNPY(55»5) 
PNM(55»5)» 
PQNMYY(55» 
RWA3Z(55.5 
RH3Z(55»5) 
RHO(55»5)» 
A2Y(55»5)» 
A2Z(55»5)» 
F2Y(55»5)» 
F2Z(55»5)» 
FMSNZ(55.5 
FMNX(55»5) 
CMASS1(55» 
RXZ(55»5)» 
Ü22(55.5). 
P22(55»5)» 
VO(55»5) 

LX2» 
NMASS» 

5)» 
)» 

)» 
» 
5)» 

UNMX(55»5)» 
FMASNM(55»5)» 
PN(55»5)» 
PäNXX(55»5)» 
RWA1Z(55»5)» 
RH1Z(55»5)» 
VOL(55.5). 
A3Y(55.5). 
A3Z(55»5)» 
F3Y(55»5)» 
F3Z(55»5). 
FMASN(55»5)» 
FMNY(55»5)» 
CMASS2(55.5). 
RYZ(55.5). 
QX(55.5)» 
PX(!>5»5)» 

LX4» LX5» LX3» 
NDMP 

AZO(55)»TRAPV(55)»TRAPYH(101)»TRAPZH(101)»AYO(55) COMMON 
2»YOELTA(55) 
COMMON       S1(55).S2(101) 
COMMON GMU(55)»H(55).BETAH(55).ALFAH(55)»AMUBH(55 ) »AMUBMU(55)» 

2 ICASE(55) y 

DIMENSION TEM(55) 
L-LX1 
L2-LX2 
L5-LX5 
00 290 J«JMIN»JR 
CHANGED FOR BACKWARD TRANSPORT 1-9-66 
60 TO 20004 
IF(J.GT.JMIN) GO TO 201 
P32«PONMXX(J»L)*2» 
GO TO 202 
P32»    P0NMXX(J»L)^P0NMXX(J-1»L) 
P41»    PONMXX(J»L)-«-PONMXX(J^l»L) 
FY«ABS(AY0(J)*P32-AY0(J+1)*P41+4.«(AW1(J»L)+AW2(J»L))«PONMXX(J»L)) 
IF(KC.GT.KMIN) GO TO 203 
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FZ-ABSIAZ0(J)*(P0MMXX(J*L2)-PtiNMXXCJ«L   Ml 
60  TO  204 

203       FZ«ABS(AZ0(J)*(PONMXX(J>L2)-PONMXX(JtL*)n 
204»       OEM»  FY»»2*FZ*«2 

IF(OEM*6T*(lO*E-S*PONMXX(JfL)**2*|TRAPZH(KC)*«2+YO€I.TA(J)**2n   ) 
2 GO  TO 20A0 

20004  FY-UNMX(JtL)♦UNMX(J*ltL)♦UNMX(JtL2)+UNMX(J+ltL2I 
FZ-UNMYIJ t L KUNMY (J^l t L) •«•UNMY (J t L2) ♦UNMY (J-f I • L2) 
0EM«FY»»2*FZ»«2 
IF(OEM.GT.O)   60  TO  2040 
AO-0 
60 TO 2041 

2U40  AQ«fFZ*TRAPZHlKCI-FY*Y0ELTA(J))**2/0EM 
2041  C0MPY«AlYlJtLI*UNMXIJ»L}^A2Y(J«L)»UNMX(J4ltL)4>A3YCJfL)« 

1 UNMX<J*1»12)+A4Y(JiL)»UNMX(JfL2) 
COMPZ-AlZ(JtU*UNMY(JfL)+A2Z(JtU*UNMY(J+l*L)+A3Z(J»L)« 

2 UNMY(J4l»L2l-*-A4Z(J«L)*UNMY(JtL2) 
VOOT-COMPY-fCOMPZ 
TEM(J)   ■   VOOT/   VOL(J»LI 

203       RHOLO-RHOIJtL) 
RHO(JtU«FMASNUtL)/VOL( JtL) 
IFIVDOT*6T«0)   60  TO  210 \ 
QlKJfLl-  OCON* Aä*(RHO(JtL)<*-RHOLOl*TEM(J)**2 
60  TO 211 

210 OUfJtU»-OCON* AU*(RHO(JtLKRH0L0)*TEM(J)**2 
211 ETA(J.U«RHOUtU»VO(J»L) 

Q22(JtL)>011(J»L) 
0X(JtL)-0ll(J*LI 
6MU(J)>ETAIJtLi-l« 
ERHO-ENM(JtL)*RHO(J»L) 
EZETA>EZER0*ETAIJtL)**2 
6*  ENM(JtL)/EZETA4l. 
B0VER6-TINYB/6 
IFnETAIJfLI»G£.l.U0R.nENM{JtL).Lt.£S).AN0«(ETAIJ»LU6T.RCPVSm 

2 60  TO 223 
ICASE(J)«1. 
H(J)—6MU(J)/ETA(J*L) 
BETAH(J»«EXP(-BETA»H(J)) 
ALFAH(J)>EXP(-ALFA«H(J)••2) 
AMUBH(J)>BIGA*6MU(J)*BETAH(J) 
PNCJ«L)>   TINYA»ERH0+(BOVtRG»ERH0+AMUBH(J)»«ALFAH(J) 
60   TO  230 

223       AMUBMUtJ)-GMÜ(J)*(BI6A+BI6b*6Mü(J)) 
ICASE(J)-2 
PN(JtL)-fTlNYA4*0VER6)*ERH0^  AMUBMUIJ) 

230       PlllJtL)«PW(JfL) 
P12(J.L)«0. 
P22UfL)>PN(JfU 
PX(JtL)>PN(J»L) 

230       CONTINUE 
CALL  FORCE 
CALL  ENERGY 
DO  330  J>JMlNfJR 
MM   ■   l«/(ETA(JtL)**2) 
Ml   -  EN   (J»L)*WM/EZERO 
W2 ■ TINYAARHOUtLI 
M3 - EN (JfL)*W2 
6 > Ml + 1* 
W4 ■ TINYB/6 
W3 ■ EN (JfLI*W4 
W6 ■ RH0(J«L)*W5 
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M7   ■  Hl/6 
IFMETAUfU.GE.l.UOR.dEN   (J»L) .LE.ESl •AND« (tTA( J»L) .GT.RCPVSH » 

2  GO  TO  320 
IFIICASEIJ}*E0«1)60  TO  300 
HU|>-6MU(J)/ETAf J»L) 
BETAH(JJ«EXP(-BETA«M(J»» 
ALFAH(J)-EXPI-ALFA»HIJ)••2 » 
AMUBHIJ|-816A*6MUIJ)«BETAH IJ) 

3UÜ       MB"(M64>AMUBH(J)I*ALFAH(J) 
WR   «   TINYA*EN   (J.L)   ♦  2««ALFA*H(J)*W8*V0(JtL)*WM 

2 ♦( ( l. + 2«»W7)»W5*blGA«VÜ( J»L)«(l«-fBtTA*GMÜl J)«talW)»bETAH( J) ) 
3 «ALFAHIJ) 

WE   «  W2   ♦  W5»(1.-W7)»ALFAH(J) 
GO  TO  330 

320       IF(ICASE(J)«EQ«2)   60  TO 323 
AMÜBMU (J) »GMU (JI • (B1GA4>B 16B*6MU UI) 

323  W9   •'B1GB*GHU<J)*V0(J»L) 
W8   «  W6   ♦  AMUBMU(J) 
MR   •   TINYA*EN   (JtL)   ♦   tti)»( 1.+W7+W7)   ♦   BlGA«VO(JtL)   ♦  M9-»-M9 
ME   •  M2   4  M3*(l*-M7) 

330  PN(JtL)   ■  M3  •*•  W8 
P11(J»L)-PN(J*L) 
P12(JtL)*0« 
P22UtU>PN(J»U 
PX(J*L)"PN(JtLI 
SSS   •  MR   ♦  PN(JtL)»ME/(RH0(JfL)*»2) 
IF(f-YDELTA(jn*6T*TRAP£H(KC))   GO  TO   333 
0SS>SS$/YDELTA(J)**2 
60 TO 340 

335   0SS«SSS/TRAP2H(<C)»»2 
340 OSH « (8.*QCON*TEM(Jn**2 

IFCSAVIIO) .GT»OSS) 60 TO 3*5 
SAV(10)»DSS 
KSVf20)-J 

343   IF(SAV(9)*6T*0SH) 60 TO 330 
SAV(9)«0SH 
KSVU8)-J 
KSVn9)«KC 

330   CONTINUE 
CALL FORCE 
CALL ENER6Y 
RETURN 
END 
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4 
5 
6 
7 
S 
9 
A 
2 
4 
5 

3 
4 
5 
6 

1 
2 
3 
4 
3 
6 
7 
• 
9 
A 
1 
2 
4 
3 
6 
7 
• 

TWEt 
SIETPTf 
SMASSIf 
KTOPt 
CUT It 
UYLTIN» 
JMAXt 

EINt 
ALFA(3}t 
TINY biblt 

SUBROUTINE VERTPT 
COMMON 

—»-K8MAX» 
3 SCNERIt 

FlMPYt 
RIOft 
KBt 
UXRBIN» 
JMINt 
KTt 
E S(3I» 
TINY A(3)t 
KSV(24lt 
FHLYR(lOl)» 

COMMON 
2 EPY(35)» 

FMLZTC35)t 
PY(33)f 
R4H(55). 
U2l35f2)f 
COMMON 

A 
UNMYf33t3)t 
ENM(35f3)t 
PONMXX(53t5)* 
PQNXY(33*3)t 
RWAE3£(53»3)» 
E32(55.5»t 
ETA(35.5). 
A4Y(33»3)t 
A4Z(53t3)f 
F4Y(55»5)t 
F42(53t5). 
FMNMXC33t3)» 
AMl(33t3)t 
RXM(33t3)t 
011C33t3)t 
Pll(55f5). 
POX(35f5)» 

COMMON  ICONt 
2 KCt    NOPA* 

NREGt 
SMOMZI* 
SKETPT» 
SMSTPTt 
MAXNt 
CUT2t 
UYTINt 
ICMlNt 

YTERM(35)» 
FMLZR(lOi). 

EPZC33)f 
LYU55). 
PZ(33)t 
Z1H(33)» 
8(55.4) 

RDTNM»  MOTION. JBMIN.  JBMAXt  RBMlNi 
SMZTPT. SMOMZ.  SMOMYI. SNYTPT. SMOMY. 
WORK.   SUMIEt  SUMKE.  SUNTt.  FlMPZt 
SMASS.  PROBNOt OTNM.   CUTOFF. N. 
TNAX.  OTNMN.  SFW*    DTNMP3. OTNMi» 
UVLBIN. UYBIN»  UYRBIN. UXLBIN. UXBIN. 
UYRTIN. UXLTIN. UXTIN.  UXRTIN. XTM. 
KMAX.   JL.     J3.     JR.     JRM. 

RHOIN.    UYIN.     UXIN.     KINT(3). 
BIG A(3). BIG B(3).  RCP V Stbl.fc ZERO(5) 
R ZERO(3I.BETAI5).   OCON(5).   SAV(12). 

TA1(33). TA2I53). 

1 

ZERO(3).BETAI5) 
Y2TERMf33l. 
VACANT(13) 
A(33). 
FMLYB(35I. 
LY2(33). 
R1H(33). 
Z2H(33). 

DIL(33). 
FMLYT(33). 
LZ1C35». 
R2HI65». 
Z3H(33). 

EPX(53). 
FMLZB(33). 
LZ2(55I. 
R3HC55). 
Z4H(53). 

RX(33.3). 
UNPX(35.5). 
EN(33.3). 
PONMXY(33.3). 
PQNYY(33»3). 
RWAE1Z(35.3). 
E1Z(33>5). 
A1Y(33»5). 
A1Z(33.5). 
F1Y(33.3)* 
F1Z(33.3). 
NTPTI33.3). 
FMNMY(33.3). 
AW2(33.3). 
RYM(33.5). 
012(35.5). 
P12(33.3). 
PQMX(35.3). 

LINCT*     LX1. 
NEOIT.     NSIG. 

RY(33.3)t 
UNPY(53t3) 
PNM(33.3). 
P0NMYY(55. 
RMA3Z(33t3 
RH3Z(53.3) 
RHO(35.5). 
A2Y(33.3). 
A2Z(55.5). 
F2Y(33.5). 
F2Z(33.3). 
FMSNZ(35.5 
FMNX(55.5) 
CMASS1(33. 
RXZ(55.5). 
022(53.5). 
P22(55.5). 
VO(53.3) 

LX2. 
NMASS. 

3). 
). 

)t 
. 
3). 

UNMX(33.3). 
FMASNM(55.5). 
PN(33.3). 
PQNXX(33t5). 
RMA1Z(55.3). 
RH1Z(35.5). 
VOL(55.5). 
A3Y(35.3). 
A3Z(33.3). 
F3Y(33.3). 
F3Z(35.5). 
FNASN(33.3). 
FMNY(33.3). 
CMASS2(33.3). 
RYZ(55.3). 
OX(35.3). 
PX(55.5). 

LX4. LX5. LX3. 
NDMP 
).TRAPZH(101).AYO(33) COMMON AZ0(35).TRAPV(55)«TRAPYH(10i; 

2   .  YDELTA(55) 
COMMON S1(55).S2(101) 
COMMON  GMU(55).H(55).BETAH(55)•ALFAH(55).AMUBH(55).AMUBMU(55). 

2   ICASE(33) 
CMNMMI 

L-LX2 
L2*LX3 
L3>LX1 
00 60  J«JMIN.JR 

C AX   IS  ZERO RY(J*lfL)«RY(J.L) 
WY   >  UNMY(J.L)   +   UNMY(J^l.L) 
WDA«   •3*MY*AZ0(J) 
NBR«NTPT(J.L) 
GO  TO   (10.20.30.40).NBR 

10 RH1Z(J.L)"RH0(J.L5   ) 
E1Z(J.L)«ENM(J.L5   ) 
GO  TO  30 

20  RHIZ(J.L)«0.0 
E1Z(J.L)>0*0 
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60  TO 50 
30 RHU(J,U«RHO(J.L) 

ElZUtU«ENM{JtU 
60  TO SO 

hO Dl*SORT(|RX(J-M*L>-*'RX(J»L)-RXIJ^ltL5)-RX(JfL5M**2 
1  ♦CRYIJ*ltL»*RYIJtL)-RYUtL5   l-RYIJ*lfL5   n*»2) 
02*S0RT((RX(J+1»L2   )*RXiJ.L2   )-RX( J-»-l,L)-RX( J»L ) )««2 

1  ♦CRYU*lfL2   )^RY(J»L2   l-RYU^ltLI-RYC JtL) |«*2I 
012-UO/fDl<*>02) 
WDAMA6-ABS<AZ0(J)) 
WN»W0A/WDAMA6 
RHlZUtU>(D2*RHO(J»L5)401*RHO(JtUO«0*WN*(RHO(JtU-RHO(JfL3n* 

1     0TNM)*D12 
ElZU»L»»(D2«ENH(JtL5)-f01»ENM(JfL)^3.0*WN»(ENM(J.L)-ENM(J.L5n» 

1     DTNM)*D12 
50  RMAlZ(JfL)*RHlZ(JfL)*MOA 

RWAElZ(J«L)«RWAlZ(JtL)*ElZ(JtL) 
6Ü CONTINUE 

RETURN 
END 
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SUBROUTINE 
SUBROUTINE 

BOUND 
BNOYOO 

10 
20 
21 

22 

27 
28 

29 

COMMON/INOUMP/ 
2 
3 
4 
5 
6 
7 
• 
9 
2 
A 
4 

I 

2 
3 
4 
5 
6 

NREGt 
KBMAXt  TIME»   SM0M2I» 
SENERI» SIETPT» SKETPT» 
FIMPY»  SMASSI» SMSTPT» 
KBOTf   KTOP»   MAXN» 
KB»    CUT1»  CUT2» 
UZRBIN» UYLTIN» UYTIN» 
JMIN»   JMAX»   KMIN» 
KT»       EIN(5}» 
TINY A(5)» TINY B(9)» 
E S(5)t    ALFA(5)t 
FNL2RI100)» 

COMMON/THEREST/ 
EPYC55)» 
FMLZTI53I» 
PYf»9>» 
R4H(55)» 
U2(55»2)» 

EPZf55)» 
LY1C53)» 
PZ(55)» 
21HI33)» 
B(55»4) 

RDTNM»  MOTION» 
SMZTPT» SMOMZ» 
MORK»   SUMIE» 
SMASS»  PROBNO» 
TNAX»   OTNMN» 
UYLBIN» UYBIN» 
UYRTIN» UZLTIN» 
KMAX»   JL» 

KINT(5)»  RH0IN(5 
R ZER0(5)»BETAf&} 
BIG A(5), BIG B(5 

iCSV(24)f 
MMI» 
FMLYBI59I» 
LY2(»5)» 
RIH(55)» 
Z2H(55), 

JBMIN» 
SMOMVlt 
SUMKE» 
OTNM» 
SFM» 
UYRBIN. 
UZTIN» 
J3» 

1» UYIN( 
»  QCON( 
)• RCP V 
SAV(12). 
0lL(55lt 
FNLYTI55» 
Ul(55)t 
R2H(55). 
Z3H(55). 

JBMAX» 
SMYTPT» 
SUMTE» 
CUTOFF» 
0TNMP5» 
UZLBIN» 
UZRTIN» 
JR» 

KBMIN» 
SMOMY» 
FIMPZ» 
N» 
0TNM2» 
UZblN» 
XTM» 
JRM» 

5}»  UZIN(5)» 
5}» 
S(5)»E ZER015I» 

FMLYR(IOO) 
LPXI39)» 
FMLZB(55>. 
LZ2(9SI» 
R3H(9»)» 
Z4H(55)» 

COMMON/AFTERALL/ 
A 
1 UNMY(39»5}» 
2 ENM(»5»9)» 
3 P0NMXXI55.5). 
4 PQNXYI»»»»)» 
3 RWAE3Z(3S»3)» 
6 E3Z(33»5)» 
7 ETA(33»9)» 
a A4Y(95»5)» 
9 A4Zf99»9)» 
A F4YI99»9)» 
1 F4Zf99»9)» 
2 FNNMX(99»9)» 
4 AM1(99»9)» 
9 RXM<99»5)» 
6 011(95.5)» 
7 Pll(99»»)» 
B POXI99»5)» 
COMMON  ICON» 

2 KC»    NOPA» 

RX(99»9)» 
UNPX(99»9)» 
EN(99»9)» 
PONMXY(99»5)» 
PONYY(55»9)» 
RWAE1Z(99»9)» 
E1Z(99»9)» 
A1YI55.5)» 
A1Z(99»9)» 
F1Y(99»9)» 
F1Z(99»9)» 
NTPT<55»5). 
FMNMY(99»9)» 
AW2(95»5l» 
RYM(99»5)» 
012(99»9)» 
P12I99»9)» 
POMX(55»9)» 

LINCT»  LX1» 
NEOIT»  NSIG» 

RY(99»5)» 
UNPY(99»9} 
PNM(99f9)» 
PONMYY(55» 
RMA3Z(99»9 
RH3Z(99»9) 
RH0(99t9)» 
A2Y(99f9}» 
A2Z(99.9)» 
F2Y(99»9)» 
F2Z(»9t9)» 
FMSNZI99»9 
FMNX(99»9) 
AW3(99»9)» 
RXZ(99»9}» 
022(55.5). 
P22(95.5). 
VO(99»5) 

LX2f 
NMASS» 

UNNX(99»9). 
»   FMASNM(55»9). 

PN(55»5). 
9).  PONXX(55»5). 
).   RWA1Z(59»9)» 
»   RH1Z(99»9| 

VOL(55.5) 
A3Y(59.5) 
A3Z(99»9) 
F3Y(99»9» 
F3Z(99»9) 

I»   FMASN(59»9)» 
»   FMNY(55.5 

AW4(59»5) 
RYZ(59»9) 
QX(55»5)» 
PX(55»5). 

LX3. 
NDNP 

LX4. LX5. 

30 
39 

40 

J>JMIN 
FMASN(J.1)«FMASNM(J»X) 
RX(J•1)>RXM(J»1)fUNMX(J»1)«OTNM 
RY(J»1)>RYM(J»1)+UNMY(J»1)*DTNM 
UNPX(J»1)>UYLBIN 
UNPY(J»1)"UZLBIN 
FMSNZ(J.l)».125»FMASN(J.l) 
FMNX(J.l)»0. 
FMNY(J»1)-FMSNZ(J»1)*   (UNMY( J»l )4-UNPY( J»!)) 
DO 40 J«JL.JR 
FMASN(J.l)«FMASNM(J.l) 
RX(J»l)«RXM(J»l)+UNMX(J.l)»DTNM 
RY(J»l)-RYM(J»l)-»-UNMY(J»l)*DTNM 
UNPX(J.1)«UYBIN 
UNPY(J»1)-UZBIN 
FMSNZ(J.1)»O.125*(FMASN(J.1)♦FMASN(J-l.1)) 
FMNX(J»1)-FMSNZ(J»1) •4UNMX(J.1)+UNPX(J.l)) 
FMNY(J.l)«FMSN2(J.l) »(UNMY (J. 1) t-UNPY ( J.l) ) 
CONTINUE 
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J«JMAX 
60 TO (42,<a,41),MOTION 

hi RX( Jtl)«RXM(J»l)4>UNM)((J»l)*DTNH 
RY < J . 1) «RYM ( J , 1) -f UNMY ( J11) »OTNM 

42    UNPX(J»1)»0.0 
UNPY(Jfl)-UZRBIN 
FMSN2(Jtl)«.125*FMASN(J-ltl) 
FMNX(Jtl)-0. 
FMNY(J»l)«FMSNZ(Jtl)    •(UNMY(Jt1)*UNPY(J,111 
CALL STRAIN 
CALL STRESS 
CALL C0NSCK1 
RETURN 

C—4— 
5Ü L«LX1 

L2*LX2 
304  CALL STRAIN 

CALL STRESS 
CALL NEWU 
CALL  CONSCKI 
J-JMIN 
RCaffNM 

505       ÜNPXIJfL2)«UYLTlN 
ÜNPYU»L2J«UZLTIN 
FMSNZ(J.L2)«.125»FMASN(J•L) 
FMNX(J.L2)«0.0 

* FMNYCJ.L2)-FMSN2(J.L2)        »CUNMYi JtL2)-fUNPY( J,L2) I 
DO   80  J«JLtJR 

56 UNPXUtL2)«ÜYTIN 
UNPYUtL2)*UZTIN 
FMSNZ(JfL2)».125»(FMASN(J.L)+FMASN(J-1»L)J 

60  FMNX(J.L2)»FMSN2(J,L2)        ♦(UNMX(J.L2J♦UNPX(J.L2)) 
FMNY(JtL2)«FMSNZ(J»L2)        •(UNMY(JtL2)*UNPY(J,L2 , I 

80 CONTINUE 
90  J-JMAX 

UNPXIJtL2)«0. 
UNPYIJ*L2)-UZRTIN 
FMSNZ(J.L2)«.125*FMASN<J-ltL) 
FMNX(J»L2)-0*0 
FMNYU»L2)«FMSNZC J»L2)        »(UNMY ( J,L2 )-fUNPY ( J,L2 ) ) 
CALL  CONSKMAX 

100 RETURN 
200       FORMAT(7H0FOR  J«*l6t8H  AND  K^2,10H  THE  MASS«.E17.9.9H   IN  bRRURl 

END 

^r 
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SUBROUTINE     CONSCK   L 
"SÜBROÜtINE  CNCHÖÖ 

COMMON/INDUMP/       NREGi 
TTEWKKT 
3   SENERIt 

VFIMPYV 
5   KBOT» 
6"'ICB7 
TUZRBINt 

TTKT*— 
SIETPTt 
SMASSiV 
KTOP» 
cufiV" 
UYLTJN. 

SMOMZ1* 
SKETPT. 
SMStPt V 
MAXN» 
QÜfZt" 
UYT1N* 

RDTNMf 
SMZTPTt" 
WORK« 
SMASb» 
TMAX« 
UYLBlN« 
UYRTIN» 

8 JMIN«        JMAX«        KMlNt 
9 Kit EIN(3)t 
2 flW Äm/TiTy "BTST. 
A E S(5)t    ALFA(5). 
VTHCZl (TOO)V 
COMMON/THEREST/ 

T 

MOTION» 
SMOMZ » 
SUMIE» 
PRÖBNÜ» 
DTNMN« 
UYblN. 
UgLTIN» 

<MAX»   JL» 
KINT(3)«  RHOIN(3)« 
R ZERO(5)tBETA(5). 
BIO A(5)f BIO B(b). 

JBMlNt 
SMOMYI"»' 
SUMKE» 
DTNMt 
SFW* 
UYRBIN* 
y^TlNt 
J3» 

JBMAX» 
SMYTPTt 
SUMTt. 
CUTOFF, 
OTNMP&. 
UZLBIN» 
UZKTIN, 
JR» 

(CBMIN, 
SMOMY» 
FIMPZ» 
N, 
OTNM^t 
UZbIN» 
KTM» 
JRM, 

UYlN(5)t 
ÜCÜN(b)f 
RCP V S(J))»E 

UZIN(5 ) » 

ZERU(9)» 
KSV(24), 

_       A(55)t 
EPY(55).     EPZ(öd),     FMLYB(53)» 

3 FML2T(55),   LYl(55)t     LY2(55),     L2l(55)» 

SMV(12I» 
DlL{55)t 
FMLYT(55)t 

4 PY(55) t      PZ(55), 
3 R4H(33)t     Z1H(55). 
"6'ü2Ty5',7r»   BTSTtVF 
COMMON/AFTERALL/ 

■Ä ! RxTTFTTJT 

R1H(35), 
Z2H(33), 

R2H(33)» 
Z3H(33}» 

FMLYR(iOO) 
bPX(35), 

'TMLZB(35), 
LZ2I33)» 
R3H(33)> 
Z4H(33)* 

1 UNMY(33.3), 

3 PONMXX(53 
'VPORlCfTSYiVT't 
3 RWAE32(33 

E3Z<55.5T 
7 ETA(33t3) 

"8""Ä4Y"r53757 
9 A4Z(35t5) 

"Ä"F4Y"r55"«57 
1   F42(33*3) 
2   FMNMX(33«3), 
4  AW1(53»3) 

'5   RXM(55t5) 
6  Qll(35.3) 

6   PQX(33»3) 
COHMOfl 

3) 

3) 

UNPX(33»3)t 

PONMXY(33>3), 
wHfvjn'tTrr' 
RWAElZ(55»3)t 

T17T53T5Tr  
A1Y(33»5)» 

"xirnrstSTt 
F1Y(33.5)» 
FizisTsvrr." 
NTPT(55.5), 

RV(S3,3).  
UNPY(33,3)• 
PNMISSVS")'»"' 
PONMYY(33,3). 

"1?WÄ32(3"5V5V» 
RH3Z(33,5)f 
RHOC33,5)» 
A2Y(33,3l« 
Ä2Z(5'3V3Tr 
F2Y(33.5). 
F22(35,5). " 
FMSNZ(55>5). 

UNMX(5^5). 
FMASNM(53.3). 
pkii'SVii* 
PÜNXX(55»5). 
RWÄiZ(3>.5). 
RH1Z(55.5). 
VOL(55.5). 
A3Y(55.5). 
Ä3Z ("55.5 ) . 
F3Y(55.5)» 
F3Z('55.3). 
FMASN(55.5). 

TZUfü 
2   KC. NOPA» 

""D"lM'ENSrÖN"ÜSÖ'(T) 

L«LXY 
 LlUAi  

FMNMY(53.3). 
AW2(55.5). 
"RYMr55.5). 
Q12(55.5). 
Pliibb't'iTi" 
PQMX(53.5)» 

FMNX(55.5). 
AW3(55.5). 
R"x'zi35.5). 
022(55.5). 
P 22 ("5 5.57." 
VO(35.3) 

FMNY(35.5). 
AW4(55.5). 
RYZ(55.5). 
QX(53.5). 
PX('55.5). 

NEDIT. 
LX1. 
NSIO. 

LX2. 
NMASS. 

LX3. 
NOMP 

LX4. LX5. 

L5«LX3 
J-JMIN 
JLEFT-l 

..JRlfiHI-i    
TFXY«0. 
TFXZ'O.  

ICL«l 
TOTO  
SUMIE«EN(J»1)*FMASN(J.l) 

"ü27"jvrriüNffx7'jri y *üKPX f J ."n+üNMY (j, i) »uNpY (j, i > 
SUMKE-O« 
SMOHVi >FMNX(J,1) 
SMOMZ■FMNY(J,1) 
"SRrTFTVSMYTPTVSWZTPT^ 
SMASS>FMASN(J.l) 
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2 FMLYB(J)«-F2Y(J.l)-TFXY 
FMLZB(J)-(FMNY(Jfl)-FMNMY(Jtl))*RDTNM-F2ZtJfU-TFXZ 
FIMPY«FMLYB(J) 
FIMP2«FMLZli(J) 
WORK>FMLYB(J)»UNMX(J♦1)♦FML2B(JI«UNMY(Jt1) 
00 5  J»JL»JR 
5UMIE-SUMlE+EN(J*l)*FMASN(Jtl) 
ü2(J»l)«UNMX(J.l)»UNPX(Jtl)+UNMY(J.1)»UNPY(J,1) 
SMOMY-SMOMY-fFMNX (J11) 
SM0M2«SM0MZ+FMNY(J.l) 

3 SMASS*SMASS+FHASN(Jtl) 
4 FMLY 8(J)>(FMNX(J11)-FMNMX(J11))»ROTNM-F1Y(J-l11)-F2 Y(J.1)-TF XY 

FMLZB(J)«(FMNYIJtl)-FMNMYIJtin*R0TNM-FlZU-l.ll-F2Z(J.l»-TFXZ 
FIMPY«FIMPY*FMLYB(J) 
FIMPZ-FIMPZ^FMLZBCJ) 

d     WORK »WORX+FMLYB(J)»UNMX(J11)♦FMLZB(J)»UNMY(J,1) 
t      J«JMAX 

U2(J.l)«UNMX(Jtl)»UNPX(J.ll*UNMY(J»l)*UNPY(J.l) 
SMOMY« SMOMY+FMNX(J.1) 
SH0MZ«SM0MZ*FMNY(J»1) 

7    FMLYB(J»«-F1Y(J-1»1)-TFXY 
FMLZB(J)-(FMNY(JfL)-FMNMYIJtl))*RDTNM-FlZ(J-lfl|-TFXZ 
FIMPY«FIMPY*FMLYB(J) 
FIMPZ-FIMPZ4FMLZB(J) 
W0RlC»W0RK^FMLY8(J)*UNMX(J.l)+FML2B(J)*UNMY(Jfl» 
RETURN 

ENTRY CONSCKI 
L«LX1 
L2«LX2 
L5-LX5 
J-JMIN 
JLEFT«! 
JRI6HT>2 
TXXY-0 
TXXZ-0 
SUM IE-SUM I E"»-EN(JtL)»FMASN(JtL) 
U2(J*KU)«UNMX(JtL)*UNPX(JfL)+UNMY(JtL)*UNPY(J»L) 
SMOMY-SMOMY'fFMNX (J t L) 
SMOMZ«SMOMZ+FMNY(JfL) 

15 SMASS«SMASS^FMASN(JtL) 
25 00  34  J-JLtJR 1 

SUMIE»SUMlE+EN(JtL)*FMASN(JtU 
U2(J.KU)«UNMX(JtL)»UNPX(JfL)*UNMY(J»L)»UNPY(JtL) 
IFdNT.EO.l)   60  TO  30 
SUMIIE-SUMKE+» 125*FMASN (J-l .L5 »»(U2 ( J-l »KL ) •»■U2 ( J»XL ) ♦U2 ( J-l tKU) ♦ 

2 U2(J*KU)I 
26 SMOMY»SMOMY-»-FMNX(J.L) 

SM0M2»SM0MZ>FMNY(J»L) \ 
30 SMASS-SMASS+FMASNUtU 
34 CONTINUE 
35 J-JMAX 4 

U2(JtKU)-UNMX(JfL)*UNPX(JtL)4-UNMY(JtL)*UNPY(J*L) 
IF(INT.EO.l)   GO  TO  39 
SUMXE'SUMKE-*-« 125*FMASN (J-l . L5 ) • (U2 ( J-l »XL ) +1J2 (J tXL) +U2 ( J-l »XU ) + 

2 U2(J*KU)I 
36 XL*KU 

KU"M0D(XLff2)«*-l 
SMOMY «SMOMY^FMNX(J•L) 
SMOMZ«SMOMZ-*-FMNY (J t L) 
FIMPY>FIMPY^FMLYR(XC) 
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FIMPZ-FlMPZ4-FML2RfKC) 
WOMnKWK+FMLYRUC iniWX U»L)+FMLZR IKC )*UNMY (JtU 
IFnKC4>lUNE»KlNT(NREG))   RETURN 
00 37 J-JMINiJR 
SHASS«SMASS^FMASN(JtL2) 

37 SUMIE>5UMlE^EN(J»L2)«FMASN(JtL2) 
L*-L 
INT-I-INT 
RETURN 

36 SUMKE-SUMKE^«23*(FMASN(J-lfL4)*(U2(J-lfKL)4U2(J»iCLIKFMASN(J-ltL5) 
2*iU2(J-ltKUKU2(JfRU)n 

60 TO 26 
39 SUMKE-SUMKE^«25*(FMASN(J-l»L4)*(U2(J-ltKLKU2(J*KL))4-FMASN(J-l»L5) 

2*(U2(J-lfKU)4>U2(JflCU))) 
INT-l-INT 
60 TO  36 / 

L-LX2 
L5-LX1 
JOMIN 
JLEFT«! 
JRI6HT-2 
TXXY«0 
TXXZ-O 

40 U2(JfXUi«UNMX(J»L)*UNPX(J»LKUNMy(JtU*UNFYUfL) 
SNOMY - SM0MY<f FMNXIJ • L) 
SMOMZ•SMOMZ^FMNY(J•L) 

50 FMLYT(J»«-F3Y<JtL5»-TFXY 
FNLZT(J)>(FMNY(JfL)-FMNMY(J»L   ))»RDTNM-F3Z(J.L5?-TFXZ 
F1MPY«FIMPY*FHLYT(J) 
FIMPZ«FIMPZ*FMLZT(J) 
MORK«WORK^FMLYT(J )«UNMX(JtL)•»•FMLZT(J)«UNNY(J• LI 
00 65     J-JLtJR 
U2(J»KU)>UNMX(J»L)*UNPX(JtLKUNMY(JtL)*UNPYIJtL) 
SUMKE«SUMKE*«125*FMASN(J-lfL5)*(U2(J-lfXL)4-U2(J*ICLKU2(J-lfKUK 

2 U2(J.XUn 
SNOMY • SMOMY4-F MNX (J t L) 
SNOMZ ■ SMOMZ-*>FMN Y (J t L) 

60 FMLYT(J)«(FMNX(JtL)-FMNMX(JtL))»RDTNM-F3Y(J.L5)-F4Y<J-l.L5|-TFXY 
FMLZT(J)>(FMNY(J»L)-FMNMY(JtLn*R0TNM-F3ZIJfL5l-F4Z(J-lfL5)-TFXZ 
FIMPY-FlMPY-fFMLYTCJI 
FINPZ-FIMPZ^FMLZT(J) 

65    W0RK«W0RK^FMLYT(J)*UNHXUfL)4>FMLZT(J)*UNMY(JfU 
J-JMAX 
U2(JtKU)-UNMX(J.L)»UNPX(JfL)*UNMY(J.L)*UNPY(J»L) 
SUMXE«SÜMXE+.125»FMASN(J-ltL5)»(U2(J-l.KL)+ü2(JflCL)*U2(J-l»^U)* 

2 U2(JfXUn 
SMOMY-SM0MY4>FMNX (J t LI 
SMOMZ«SMOMZ+FMNY(JtL» 

75 FMLYT«J»»-F6Yl(J-ltL5J-TFXY 
FMLZT(Jl*(FMNY(JtLI-FMNMY(JfL))*R0TNM-F4Z(J-l«L5)-TFXZ 
FIMPY«FlMPYfFMLYT(JI 
FIMPZ*FlMPZ4fFMLZTIJ) 
M0RX*M0RK<*>FMLYT (J I «UNMX (Jt L)-fFMLZT (J) «UNMYIJ t L) 
SUMTE-SUMlE't'SUMXE 
SNASSI-SMASSI-SMSTPT 
W0RK*WORK*0TNM 
SENERI-SENER1+WORX-SIETPT-SXETPT 
FIMPY« IFI MPY-fSFW I •OTNN 
F1MPZ«FIMPZ*0TNM 
SMOMYI-SMOM:I   FIMPY  -SMYTPT 
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SNCM2I*SM0MZI4>FIMPZ-SMZTPT 
RETURN 

lü8  FORMAT 11H0/ ^ 
249H NO JMIN CONTRIBUTION CALCULATION IN THIS PROGRAM/1 
END 

i 
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SUBROUTINE 
SUBROUTINE 

ENERGY 
E6YLOO 

COMMON/1NOUMP/ 
2 
3 
4 
5 
6 
7 
8 
9 
2 
A 
4 

( 

2 
3 
r 
5 
6 

KBMAXt  TIME» 
SENERI» SIETPT» 
FIMPYt  SMASSI» 
KBOT*   ICTOP» 
KB»     CUT1» 
UZRBIN» UYLTIN» 
JMIN»   JMAX» 
KT»       EIN(5)» 
TINY A(5»» TINY BI5)» 
E S(5)t    ALFA(5). 
FMLZRUOO)» 

COMMON/THEREST/ 

NREG» 
SMOM2I» 
SICETPT» 
SMSTPT» 
MAXN» 
CUT2» 
UYT1N» 
KMIN» 

EPYI95)» 
FML2T(55). 
PYC55)» 
84H(55)» 
U2(55»2)» 

EPZ(33)» 
LYl(55)f 
P2(55>. 
Z1H(35)» 
B(5»»4) 

ROTNM» MOTION 
SMZTPT» SMOMZ» 
WORK» SUMIE» 
SMASS» PROBNO 
TMAX» DTNMN» 
UYLBIN» UYBIN» 
UYRTIN» UZLTIN 
XMAX» JL» 

XINT(3)» RH0IN( 
R ZERO(5)»BETA(5 
BIG A(5Jf BIG B( 

XSV(24)» 
A(55). 
FNLYBI5»)» 
LY2{5&). 
RIM(&5), 
22H(5S)( 

JBMIN» 
SMOMYI» 
SUMKE» 
DTNM» 
SFW» 
UYRBIN» 
UZTIN» 
J3» 

5)»  UYIN 
)»  OCON 
31»  RCP 
SAV(12)» 
0IL(33)» 
FMLYTC55 
LZ1(33)» 
R2MI55I» 
Z3H(33)» 

JBMAX» 
SMYTPT» 
SUMTE» 
CUTOFF# 
DTNMP3» 
UZLB1N» 
UZRTIN» 
JR. 

RBMIN» 
SNOMY» 
F1MPZ» 
N» 
DTNM2» 
UZBIN» 
XTM» 
JRM» 

(3)»   UZ1N(3I» 
(3)» 
V St3l»E ZEROI3)» 

FMLYRUOO) 
EPX(33I» 

I»   FMLZB(33)» 
LZ2(33I» 
R3H(b3l» 
Z4H(55I» 

COMMON/AFTERALL/ 
A 
1 UNMYi33»3)» 
2 ENM(S3»31» 
3 PQNMXX(33»3)» 
4 PONXY(33»5}» 
3 RWAE3Z(33»3)» 
6 E3Z(33»3)» 
7 ETA(33»3)» 
3 A4Y(33»5)» 
9 A4Z(33»3)» 
A F4Y(33»3)» 
1 F4Z(33»3)» 
2 FMNMX(53»5). 
4 AW1(33»3)» 
3 RXM(33»3)» 
6 011(33.3)» 
7 Pll(33.5». 
8 PQX(33»3)» 
COMMON   ICON» 

2 XC»    NOPA. 

RX(33»3)» 
UNPX(33»5)» 
EN(33»3)» 
PQNMXY(33»3)» 
PONYY(33»3)» 
RWAE1Z(33»3)» 
E1Z(33»5)» 
A1Y(33»3)» 
A1Z(33»5)» 
F1Y(33»3)» 
F1Z(33»3)» 
NTPT(33»3)» 
FNNMY(33»3)» 
AW2(33»3)» 
RYM(53»5). 
012(33»3). 
P12(33»3)» 
POMX(3S»3)» 

LINCT»  LX1» 
NtOIT.  NS1G» 

RY(33»3)» 
UNPYC55.3 
PNM(55»5) 
PQNMYY(55 
RWA3Z(33» 
RH3Z(33»3 
RHO(55.5J 
A2Y(55.5) 
A2Z(33»S) 
F2Y(33.3) 
F2Z(33»3) 
FMSNZ(33» 
FMNX(53»5 
AW3(33.3) 
RXZ(33.3) 
022(33.3) 
P22(35,5) 
V0(33»3) 

LX2. 
NMASS» 

UNMX(33.5). 
)» FMASNM(35.3). 
t PN(33»5)» 
•3). PUNXX(33»3)» 
3)» RMA1Z(33»3)» 
)» RH12(55»5)» 
» V0L(53»5)» 
» A3Y(33»3)» 
t A3Z(33»5)» 
t F3Y(33»5)» 
• F32(55»5)» 
3)» FMASN(53»5)» 
)» FMNY(53»5)» 
» AW4(33»3)» 
t RYZ(33»5)» 
• 0X(33»3)» 
• PX(33»3>» 

LX3» 
NOMP 

LX4» LX3» 

ENTRY ENERGYP2 
L-LX3 
L2-LX4 
&0 TO 1 

L-LX1 
L2-LX2 

1 TFXE-O. 
2 DO 100 J>JMIN»JR 

EN(J»L)«(ENM(J.L)»FMASNM(J.L)-0TNM»(UNMX(J-».1.L)*F1Y(J.L)*UNMY(J-H. 
1 L)»F12(J.L) 
1 •*-UNMX(J»L)*F2Y(J»L)-*-UNMY(J»L)*F2Z(J»L)4-UNMX(J»L2)*F3Y(J»L)4 
2 UNMY(J»L2)»F32(J.L)4UNMX(Jn»L2»»F4Y(J»U<fUNMY(.m»L2)»F4Z(J»L)- 
3 TFXE))/FMASN(J»L) 
IF(ABS(EN(J.L)-ENM(J.L))-CüTl)10.10.100 

10   EN(J»L)*ENM(J»L) 
100  CONTINUE 
1U3  RETURN 

END 
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SUBROUTINE  FLOW L 
SUBROUTINE FLOWÖO 
COMMON/INOUMP/ 

2 
3 
4 
3 
6 
7 
6 
9 
2 
A 
4 

2 
3 
4 
5 
6 

A 
1 
2 
3 
4 
5 
6 
7 
e 
9 
A 
I 
2 
4 
5 
6 
7 
8 

KBMAXt  TIMEt 
SENERIt SIETPT» 
FlMPYi  SMASSIt 
ICBOTt   KTOPt 
KB.     CUT It 
UZRBIN» UYLTINt 
JMINt   JMAXt 
KT>       EIN(5). 
TINY A(5). TINY B(5). 
E S(5).    ALFA(5). 
FMLZR(IOO). 

COMMON/THEREST/ 

NREGt 
SNOMZI» 
SKcTPTt 
SMSTPT» 
MAXN» 
CUT2. 
UYTINt 
KMIN. 

EPY(55I. 
FML2T(55)» 
PY<55>» 
R4H(55). 
U2(55.2). 

EP2(55)» 
LYK55). 
PZ(55)f 
21H(55). 
B(55.4) 

RDTNM* MOTION 
SMZTPT» SMOMZ» 
WORKf SUMIE. 
SMASS» PROBNO 
TMAX» OTNMNt 
UYLBINt UYBIN. 
UYRTINt UZLTIN 
KMAX» JL» 

XINT(5). RHOINI 
R ZERO(5).BETA(5 
BIG A(»)» BIG 0( 

XSV(24)f 
A(55). 
FMLYB(55). 
LY2(55). 
R1H(55). 
Z2H(55). 

JBMINt 
SMOMYlt 
SUMXEt 
OTNM» 
SFWt 
UYRBIN* 
UZTIN. 
Jtt 

51» UYIN 
)t OCON 
5 J t RCP 
SAVUZI» 
0IL(55). 
FMLYT(55 
LZKSSIt 
R2H(55)» 
Z3H(55)» 

JBMAXt 
SMYTPTt 
SUMTfe. 
CUTOFFt 
OTNMP5. 
UZLBINt 
UZRTINt 
JR. 

XBMIN. 
SMOMY. 
FIMPZt 
Nt 
DTNM2f 
UZbIN» 
XTM. 
JRM. 

(5).   UZINJ5». 
(51. 
V S(i>).t ZERUlblt 

FMLYRIIOO) 
EPX(J)5). 

).   FMLZB(55). 
LZ2(55». 
R3HJ55». 
Z4H(55)t 

COMMON/AFTERALL/ 

UNMY(55»5 
ENM(55.5) 
PONMXXC55 
PONXY(55.5). 
RWAE3Z(55.5) 
E3Z{55.5) 
ETA(55.5) 
A4Y(55.5» 
A4Z(55.5» 
F4Y(55.5) 
F4Z155.3) 
FMNMX(55.5). 
AWl(55t5) 
RXM(55f5) 
011(55.5) 
Pll(55.5) 
POX(55.5) 

COMMON   ICON. 
2 KC.     NOPA. 

5) 

RX(55.5). 
UNPX(55»5). 
EN(55.5)f 
PQNMXY(55.5). 
PQNYY(55t5). 
RWAE1Z(55.5). 
ElZ(55.5)t 
A1Y(55.5). 
A1Z(55.5). 
F1Y(55.5). 
F1Z(55.5)» 
NTPT(55.5). 
FMNMY(55.5). 
AW2(55.5). 
RYM(55.5). 
012(55.5). 
P12(55.5). 
POMX(55.5). 

LINCT.  LX1. 
NEOIT.  NSIG. 

RY(55.5). 
UNPY(55.5 
PNM(55.5) 
PONMYY(55 
RWA3Z(55. 
RH3Z(55f5 
RHO(55.5) 
A2Y(55.5) 
A2Z(55.5) 
F2Y(55.5) 
F2Z(55.5) 
FMSNZ(55. 
FMNX(55.5 
AW3(55.5) 
RXZ(55.5) 
022(55.5) 
P22(55.5) 
V0(55»5) 

LX2. 
NMASS. 

UNMX(55.5)t 
)« FMASNM(55.5). 
• PN(55.5). 
.5). PUNXX(55.5). 
5). RWA1Z(55.5)» 
)* RH1Z(55>>). 
t VOL(55.5). 
• A3Y(55.5). 
. A3Z(55.5). 
. F3Y(55.5)t 
• F3Z(55.5). 
5). FMASN(55.5). 
). FMNY(55.5). 
. AW4(55t5)t 
• RYZ(55.5). 
• OX(55.5). 
. PX(55.5). 

LX3. 
NOMP 

LX4. LX5. 

10 
c 
c- 
c 

20 

XC-1 
LINCT>1 
NREG-1 
LX1-1 
LX2-2 
LX3-3 

LX4-4 
LX5-5 
DO 10 L-1.4 
00 10 J-JMIN.JMAX 
B(J.L)*0.0 

•READ IN 4 K LINES 1ST CALL ONLY 

CALL LINEIN4 
CALL B0UNDK1 
LX0«LX1 
LX1«LX2 
LX2«LX3 
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T 

LX3«LX4 
LX4aLX3 
LX5-LX0 
DO 50 K>KB*RTM 

' XC«X 
IF(K.E0*KTM)60 ID  3» 
CALL  LINEINI 

35 lFnM-ll*LT«KlNT(NREGl)60 TO 41 
IFniC+l)«GT«KlNTCNRLG))60 TO 34 
CALL   INFACE 
60 TO 4100 

36 IFICK-1UNE«KINT(NREG))  GO  TO 41» 
NftEG-NREG^l 
GO TO 4100 

41 CALL   STRAIN 
CALL  STRESS 

4100    CALL  NEWU 
CALL  CONSCKI 

419       CALL   LINOUT 
IF   (K.EO.KB)  GO TO 45 
DO 43  LMt3 
DO  43   J-JNIN.JMAX 

43 BIJ»L)"B(J»L41) 
45  LXO'LXl 

LXlaLX2 
LX2«LX3 
LX3-LX4 
LX4*LX5 
LX5-LX0 

50 CONTINUE 
XC-XT 
CALL  BNDYKNAX 

C 
C WRITES OUT 3 X LINES LAST CALL ONLY 
C 

CALL LINOUT 
RETURN 
END 
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SUBROUTINE 
SUBROUTINE 

FORCE 
FRCLOO 

C< 

1 

I 

COMMON/INOUMP/ 
2 
3 
4» 

5 
6 
7 
8 
9 
.2 
A 
4 

2 
3 
4 
5 
6 

A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
I 
2 
4 
5 
6 
7 
8 

KBMAXt 
SENERI» 
FIMPY» 
KBOTt 
KB» 
UZRBIN» 
JM1N. 
Kf« 
TINY A(5)» 
E S(5)» 

NREGt 
SMOMZI» 
SKtTPT. 
SMSTPTi 
MAXNt 
CUT2» 
UYTIN» 
KMIN» 

EIN(5)» 
TINY B(b). 
ALFA(5)» 

TIME» 
SIETPT» 
SMASSI» 
KTOP» 
CUT!» 
UYLTIN» 
JMAX» 

FMLZR(IOO)» 
CGMMON/THEREST/ 
EPY(55I. 
FML2T(55»» 
PY(55)» 
R4H(55)» 
U2(55»2)» 

EPZ(55)» 
LY1(55)» 
PZ(55l» 
Z1H155)» 
B(53»4) 

RDTNM»  MOTION» JBM1N» 
SMZTPT» SMOMZ»  SMOMYI» 
WORK»   SUMIE»  SUMKE» 
SMASS»  PROBNO» OTNM» 
TMAX»   OTNMN»  SFW» 
UYLBIN» UYBIN»  UYRBIN» 
UYRTIN» UZLTIN» UZTIN» 
KMAX.   JL»     J3» 

K1NT(5).  RHOINI5)»  UYIN 
R 2ER0(5).BETA(5J.   QCON 
BIG A(5)» BIG BIS)»  RCP 

KSV(24).     SAV(12)» 
AI55U      0IL(59)» 
FMLYBI55J»   FMLYTI55 
LY2(55U     LZ1(55). 
R1H(55)»     R2H(55)» 
Z2H(55)»     Z3H(55). 

JBMAX» 
SMYTPT» 
SUMTfc» 
CUTOFF» 
OTNMP5» 
UZLBIN» 
UZRTIN» 
JR» 

KBMIN» 
SMOMY. 
FIMPZ. 
N» 
0TNM2» 
UZÖIN» 
KTM» 
JRM. 

IS)»   UZINI5). 
I»)» 
V SI»)»E ZEROIb). 

FMLYRIIOO) 
EPXI5»)» 

)•  FMLZBI53)» 
LZZISS)» 
R3HI5»)» 
Z4HI55)» 

COMMON/AFTERALL/ 

UNMYI55»5)» 
ENM(55»5) 
PONMXXI55 
PQNXY(55»5)t 

5)» RMAE3ZI53 
E3Z(35»5) 
ETA(33»5) 
A4Y(55»5) 
A4ZI55»5) 
F4Y(55»5I 
F4Z(53»5) 
FMNMXI55»5)» 
AW1(53»5) 
RXM($5»5) 
üll(55»5) 
Pll(55.5) 
PQX(55»5) 

COMMON ICON» 
2 KC»     NOPA* 

5)» 

RXISS»»)» 
UNPX(55»5)» 
EN(55.5)» 
PONMXYI53»»)» 
PQNYYIS5»5)» 
RWAE1ZI53»5)» 
E1ZI33»5)» 
A1Y(33»3)» 
A1ZI33»3)» 
F1YI33»3)» 
F1ZI33»3)» 
NTPTI33»3)» 
FMNMYI33»3)» 
AM2(33»3)» 
RYM(33»3)» 
012I3S»3)» 
P12I33»3)» 
POMXI33»5)» 

LINCT»  LX1» 
NEOIT»  NSIG» 

RY(33»3)» 
UNPYI33»3) 
PNMI33»3)» 
PONMYY133» 
RWA3Z(33»3 
RH3Z(33»3) 
RHO(33»3)» 
A2Y(33»3)» 
A2Z(33»3)» 
F2YI33»3)» 
F2ZI33»3)» 
FMSNZ(3S»3 
FHNX(33»3) 
AW3(33»3)» 
RXZI33»3)» 
022(35.3)» 
P22(33»3)» 
VO(33»3) 

LX2» 
NMASS» 

UNMX(33»5|» 
»   FMASNMI33»5)» 

PN(33»3)» 
S)»  P0NXXI33»3)» 
)»  RWA1ZI53»3)» 
»    RH1ZI33»3)» 

V0L(33»3)» 
A3Y(33»3)» 
A*Z(33»5)» 
F3YI33»3)» 
F3Z(35»S)» 

)»   FMASNI33»3)» 
•    FMNYI33»3)» 

AM4IS5»3)» 
RYZ(3S»3)» 
QXI33»3)» 
PX(33»3)» 

LX4»    LX3» LX3» 
NDMP 

L>LX3 
L2-LX4 
SUMER«2. 
GO TO 2 

SUMER-2« 
SUMER*!* 
L*LX1 
L2-LX2 
IF(KC.EO.l) SFW-O« 
DO 100 J«JMIN»JR 
IF((MOTION.EO.l).AND.<N»6T.1)1 GO TO 302 
RB1«R2H(JJ«.5 
RB2«R1H(J)*.3 
RB3*R4H(J)«.3 
RB4«R3H(J)*.3 
ZB1*Z2H(J)*.3 
ZB2»Z1H(J)*.3 
Zb3*Z4H(J)*.3 
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ZB4>Z3H(J)**5 
YOB-SORT 11RB2       •*2*RB2       «RBI       ♦RBI       ••2)/30 
ZOB-(IRB2       -YDB)*ZB1       ♦(YOB-RBI       )*ZB2        l/(RB2       -RBI 
OEMO.RB3       -RB2 
IF(OEMOfEO«0)GO  TO  5 
Y2B«SORT((RB3       »♦2'i-RB3       •RB2       4*62       ♦•2)/3«) 
Z2B»((RB3       -Y2B»»ZB2       ♦IY2B-RB2       l«ZB3        )/OEHO 
GO  TO 10 

3 Y2B-RB2 1 
Z2B*.9*(k62       •••ZB3        I 

10 Y3B>SQRT((RB3       »»2+RB3       »RB*       +RB4       ♦•2)/3.) 
Z3B-((RB4ii-T3BI*ZB3-*>(Y3B-AB3)*ZB4)/(RB4-RB3l 
0EM02"RBrrRB4 
IF(0EN02t^0*0)   GO  TO  15 
YAB>SORT(iRb*       •♦2*RB*       «RBI       ♦Rbl       ••2)/3») 
ZAB*((RBlAYAB)*ZB4<MYAB-RB4)*ZBl)/0EM02 
GO  TO 20    \ 

19 YAB-RB1 
ZAB-«3*CZB<      ♦ZBl        ) 

20 Y2A-RB2 
Z24-ZB2 
Y13-RB1 
Z13-ZB1 
Y2P4«RB2 
Z2P4-ZB2 
Y1P3«RB1 
Z1P3-ZB1 
AR-.5»IY24*Z13\-Y13»Z24I 
Y1P2-RB1       ♦RB; 
Y2P3-RB2       ♦RB3\ 
Y3P4»RB3       ♦RB^ 
Y4P1-RB4       ♦RBI ^^— 
Z12-ZB1       -ZB2     k 

Z23-ZB2 -ZB3 
Z34-ZB3 -ZB4 
Z41-ZB4      -ZB1 
YA  ■(Z12»CY1P2«»2-RB1       •M2       »♦Z23*(Y2P3»»2-RB2       »RBS       )♦ 

1 Z94»(Y3P4»*2-RB3       •RB4       |^Z41»CY4P1««2-RB4      •RBin/(6.»AR) 
ZA ■(Y24*Z13*Z1P3-Y13»Z24*Z2P4-Z13»Z24«(YlP3-Y2P4n/«4.»AR» 

24   00 40 1>1»5 
23   YOBAB «YOB-YAB 

ZOBAB "ZOB-ZAB 
YIA«RB1  -YA 
Z1A-ZB1  -ZA 
YOBPAB-YOB^YAB 
ZOBPAB-ZOB^ZAB 
Y1PA-RB1  ♦YA 
Z1PA-ZB1  ♦ZA 
AR1>«3*(Y0BAB*Z1A-Y1A*Z0BAB) 
Y1P0B>RB1  ♦YOB 
YOBPA «YDB^YA 
YAPAB «YA+YAB 
YABPl-YAB^RBl 
Z10B-ZB1  -ZOB 
ZOBA   «ZDB-ZA 
ZAAB   >ZA-ZAB 
ZAB1>ZAB-ZB1 
Yl  ■(Z1DB*(Y1PDB**2-RB1   •YDBKZ0BA*(Y0BPA*«2-Y0B*YAKZAAb* 

1 IYAPAB**2-YA»YAB)^ZAB1*(YABP1**2-YAB*RB1   ))/l6.*ARl) 
Z1     >(YOBAB»Z1A*Z1PA-YIA»ZDBAB»ZOBPAB-Z1A«ZOBAB*(Y1PA-Y0BPAB I)/ 

1       (4.*AR1) 
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Y2A   mRüi        -YA 
Z2A  »ZB2       -ZA 
Y0B2B     «Y0b-Y2Ö 
ZDB2B     «Z0B-Z2ß   > 
Y2PA-RB2       ♦YA 
Z2PA-ZB2       ♦ZA 
YDBP2B  "YDB+Y2B 
2DBP2B   -ZOB^ZZB 
AR2  ••5*(Y2A*ZOB2B-YDB2B*Z2A) 
YDBP2»YOB>RB2 
Y2P2B«RB2       ♦Y28 
Y2BPA     «Y2B-t-YA 
YAPOB       »YA-fYDB 
ZDB2   «ZOB-2B2 
Z22B  «ZB2       -Z2B 
Z2BA »22B-ZA 
ZAOB -ZA-ZOB 
Y2*CZOB2*(YDBP2**2-YOB*RB2       KZ22B*!Y2P2B**2-RB2       «YZBI^Z^dA* 

1   (Y2BPA**2-Y2B*YA) -fZAOB* (YAPDB**2-YA*YOBI} / (6.*AR2) 
Z2 »(Y2A»20B2ö*Z0ßP2B-YDß2B«22A»22PA-Z0B2B*Z2A«(Y0bP2B-Y2PAJ) 

1/ (4*ftAR2) 
Y2B3B       ■Y2B-Y3B 
Z2B3B       -228-Z3B 
YA3«YA-RB3 
ZA3«ZA-ZB3 
Y2BP3B     »Y2ß+Y3fl 
Z2BP3B     -Z2B+Z3B 
YAP3«YA-fRB3 
ZAP3«ZA^ZB3 
AR3«.5»(Y2B3B*ZA3-YA3«Z2B3Ö) 
YAP2B       «YA-fYZB 
Y2dP3«Y2B-»-RB3 
Y3P3B«RB3        ♦Y3B 
Y3BPA       ■Y3B+YA 
ZA2B «ZA-Z2B 
Z2B3«Z2B-ZB3 
Z33B>ZB3       -Z3B 
Z3BA «Z3B-ZA 
Y3» (ZA2B* (YAP2B»»2-YA«Y2B) ♦Z2B3» (Y2BP3»»2-Y2B»RB3        ) -fZaSB* 

1   <Y3P3B»»2-RB3        »Y3B)*Z3BA#(Y3BPA»»2-Y3B«YA|)/(6«*AR3) 
23 •(Y2B3B*ZA3*ZAP3-YA3*Z2B3B*Z2BP3B-ZA3*Z2B3B*(YAP3-Y2oP3o)) 

1/ (4**AR3) 
YA4-YA-RB4 
ZA4-ZA-ZB4 
YAB3B        ■YAB-Y3B 
ZAB3B       •2AB-23B 
YAP4«YA<fRBA 
ZAP4«ZA-fZB4 
YABP3B     «YAB-t.Y3B 
ZABP3B  •ZABfZ3B 
AR4«.5»(YA4»2AB3B-YAB3B*2A4) 
YABPA   »YAB^YA 
YAP3B  «YA-fYSB 
Y3BP4«Y3B-*-RB4 
Y4PAB«RB4   ♦YAB 
ZABA    -ZAB-ZA f 
ZA3B    -ZA-Z3B 
Z3BW3B-ZB4 
Z4AB-ZB4  -2AB 
Y4      ■(ZABA«IYABPA**2-YAB*YA)+ZA3B* CYAP3B**2-YA*Y3BI♦ 

1 Z3B4*(Y3BP4**2-Y3B*RB4   )4Z4AB*(Y4PAB**2-RB4   »YAB))/(6.»AR4) 
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24 -(YA4«ZAB3B*ZABP3B-YAB3B*ZA4*2AP4-ZAB9B*2AM(YABP3B-YAPM) 
1 /(4.»AR4) 
Tl     «Y1*(YAB-Y0B) 
T2     •Y3»CY3B-Y2B» 
All    «Tl-fTZ 
T3     ■Y1*(2AB-Z0B) 
T4     -Y3*(Z3B-Z2B) 
A12  ■T3*T4 
T5   >Y2*IY0B-Y2B) 
T6   ■Y4*(YAB-Y3B) 
A21  «TS^T* 
T7   >Y2*(Z0B-Z2B> 
TS   •Y4«(ZAB-Z3B) 
A22  »TT^Te 
81«RBl  •T3-ZB1   •T1«-RB3  •T4-ZB3*T2 
B2>ZB2  »TS-RBZ   ♦T7'»'ZB4  •T6-RB4»T« 
0EM03  ■A12*A21-A22*A11 
YAM*YA 
ZAM-ZA 
YA ■(A21*B1'*-A11*B2)/DEM03 
ZA «(A22»Bl+A12»B2I/0EMO3 
IF((ABS(YAM-YA)«LT.(YA*10*E-8)).ANO*(ABS(ZAM-ZA).LT«(ZA*lO«E-6m 

1  GO  TO 50 
40 CONTINUE 
30 60 TO   (302f305»503)tNOTION 
302        ARHl-ARH4>AWl(JtU 

ARH2«ARH3"AM2(JtL) 
IFISUMER.E0.2)   GO   TO  333 
Qll(J«U>011(JfL)»(ARHl+ARH2+ARH3+ARH4) 
022(JfL)*QX(JtL)-011(JfL) 
GO TO 535 

505        IF(RB2«E0*RB1)   GO  TO  51 
GO  TO 52 

31 FOB-«5 
GOB-«5 
GO TO 53 

52 FDB>(RB2-Y0e)/(RB2-RB1) 
GOB-(YOB-RBI)/(RB2-RB1) 

53 Y0BN-FOB*RXU+lfL)+GOB*RX(JtU 
ZOBN-FOB*RY U+l t L) ♦GOB^RY «J.LI 
YDBNM-FDB»RXM(J*ltL)*GOB#RXM(J.L) 
ZDBNM-FOB*RYM(J^l«LKGOB*RYM(JfL) 
IF(RB3*NE*RB2)   GO  TO 531 
F2B-.5 
G2B-.5 
GO  TO 532 

531 F2B>(RB3-Y2B)/(RB3-RB2) 
G2B-(Y2B-RB2)/(RB3-RB2> 

532 Y2BN-F2B*RX(J.L)*G2B»RX(J.L2) 
Z2BN-F2B*RY(J.L)♦62b»RY(J tL2) 
Y2BNM-F2B*RXM(JfL)^G2B*RXM(J»L2) 
Z2BNM-F2B*RYM(J tLI+G2B*RYM(J»L2) 
F3B-(RB4-Y3B)/(RB4-RB3) 
G3B-1Y3B-RB3 >/(RB4-RÖ31 
Y3BN >F3B*RX(JfL2)-*-G3B*RX(J^ltL2l 
Z3BN  •F3B»RY(JtL2)^G3B»RY(J+l.L2) 
Y3BNM-F3B*RXM(JfL2)<*>G3B*RXM(J4ltL2) 
Z3BNM-F3B*RYM«J.L2)-»-G3B«RYM(J*l.L2) 
IF(RB4.NE*RB1)   60   TO  533 
FAB-.5 
GAB-«5 
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GO TO 534 
333 FAB-(RB1-YAB)/(RB1-RB4) 

GAB*(YAB-RB4)/(RB1-RÜ4) 
334 YAÖN «FAB»RX(J+1,L2)+GAB»RX(J+1.L) 

ZAÖN =FAB*RY(J+1,L2)+GAB»RYIJ+11L) 
YAÖNM"FAß*RXM( J-»-l tL2 ) +GAB»RXM( J-H »L » 
2ABNM«FAB»RYM(J+1»L2)+GAB»RYM( J-»-l»L) 
ARN1 «0.5»((YOBN-YABN)♦(RY(J+1.L)-ZA)-(RX(J+l»L)-YA)*(ZDBN-ZAbN)) 
ARNH1'«3«I (YDBNM-YABNM)»(RYM( J+ltL)-2A)-<RXM( J+ltD-YA)* 

1 (ZOBNM-ZABNK)) 
ARN2 ».5»((RX(J.L)-YA)♦(ZOBN-Z2BN)-(YDBN-Y2BN)• (RY(J•L)-ZA)) 
ARNM2*«3*(<RXM(J.L)-YA)*CZDbNM-Z2BNM)-(YOBNM-Y2BNM)»(RYM(JfL»-ZAn 
ARN3 ■•§•((Y2BN-Y3BN)«(ZA-RY(JfL2))-<YA-RX(J.L2>)•(Z2BN-Z3BN)) 
ARNM3*«3*((Y2BNM-Y3BNM)*(ZA-RYM(J»L2))-(YA-RXM(JtLZ))*(Z2öNM- 

1 Z3BNM)) 
ARN4   «.5»((YA-RX(J+1»L2))•(2ABN-Z3BN)-(YABN-Y3BN)♦{ZA-RY(J+ltL2))) 
ARNM4«•3*((YA-RXM(J +1.L2))♦(ZABNM-Z3BNM)-(YABNM-Y 3BNM)•(ZA- 

1   RYM(J+1.L2)) ) 
AWKJ,L)«(ARl+ARNl+ARNMl)/3. 
AW2(J.L >«(AR2+ARN2^ARNM2)/3. 
AW3(J•L)«(AR 3+ARN3+ARNM3)/3. 
AW4(J t L)«(AR4+ARN4+ARNM4)/3. 

333   PUB»*3*(Pll(JtU+011(J»U+PONMXX(J»Ln 
P12B».5*(P12(JfL)+Q12(JtL)+PQNMXY(J.L)) 
P22B».3*(P22(JfL»+Q22(J.L)+PQNMYY(J,L)) 
PXB».5»(PX(J.L)+QX(J.L)+POMX(JtU) 
A1YR«A2Y(J»L)-AW1(J*L) 
FlY(JtL)«PllB»AlYR+P12B«A2Z(JfL)+PXB»AWl(J.L) 
FlZ(JtL)«P12B»AlYR+P22ö«A2Z(J»L) 
A2YR>AlY(J»L)-AW2(JtL) 
F2Y (J t L) «P11 B»A2 YR+P 12B»A1Z ( J t L) •«■PXB»AW2 (J.L) 
F2Z{J.U«P12B»A2YR+P22B*A1ZU.L) 
A3YR«A4Y(JtL)-AW3(JtL) 
F3Y ( J t L) »PI 1B»A3YR+P12B»A4Z (J.L) *PWA\rt (J.L) 
F3Z(J.L)»P12B»A3YR+P22B»A4Z(J»L) 
A4YR»A3Y(J*L)-AW4(J.L) 
IF(SUMER.EQ*2)   SFW«PXB*( AWi ( J.L )+Aw2( J.L)+AW3( J.L )"»-AW4( J.L) )*SFtt 
F4Y ( J . L ) «P1 lB*A4YR-»-P12b*A3Z (J.L) +PXb*AW4 (J.L) 
F4Z(J.L)-P12B»A4YR+P22B*A3Z(J.L) 
PON   XX(J.L)«P11(J»L)+011(J.L) 
PON   XY(J.L)=P12(J.L)^Q12(J»L) 
PON   YY(J,L)«P22{J.L)+022(J.L) 
POX( J.L)«PX( J*L)-»-QX(J.L) 
GO TO (100.34.34).MOTION 

34   CONTINUE 
60   CONTINUE 
1UÜ  CONTINUE 
11Ü  CONTINUE 

RETURN 
END 
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SUBROUTINE 
SUBROUTINE 

INFACE 
INFCOO 

COMMON/INDUHP/ 
KBMAXt  TIMEt 
SENERIt SlETPTt 
FlMPYt  SMASSIt 
KBOTf   KTOP» 
KB»     CUT1. 
UZRBINt UYLTIN. 
JMIN»   JMAXt 
KT» 
TINY A(5). 
E S(5)f 
FMLZR(lOO)t 

COMMON/THEREST/ 

NRt-G, 
SMOMZI. 
SlCtTPT. 
SMSTPTt 
HAXN» 
CUT2, 
UYTINt 
KMIN, 

EIN(5)f 
TINY ^(5), 
ALFA(i>)f 

Kl 
R 
bl 

EPY(55)t 
FMLZT(55)t 
PY(55). 
R4H(55lt 
U2(5S»2)* 

EP2(55), 
LY1(55), 
PZ(35)t 
Z1H(55J, 
B(5&f4» 

ROTNM* 
SMZTPTt 
MORK* 
SMASS. 
TMAX» 
UYLBINt 
UYRTlNt 
XMAX» 
NT(5I . 
ZEROm» 
G A(5), 

XSV(24 
A(55). 
FMLYB( 
LY2(55 
R1H(55 
Z2H(55 

MOTION, 
SMOMZ• 
SUMIt. 
PROBNO» 
OTNMNt 
UYBINt 
UZLTINt 
JLt 
RHOIN(5 
BETA(&) 
BIG 0(5 
)• 

It 
)t 

)• 

JBMIN. 
SMOMYIt 
SUMKtt 
OTNMt 
SFW* 
UYRBINt 
UZTIN« 
J3f 

11 UYIN 
« QCON 
)t RCP 
SAV(12) • 
DlL(55)t 
FMLYT(55 
LZ1(55)» 
R2H(55)» 
23H(55)» 

JBMAXt 
SMYTPT. 
SUMTtt 
CUTOFF, 
0TNMP5. 
UZLBINt 
UZRTIN, 
JRt 

K.BMIN» 
SMOMY« 
FlMPZt 
N» 
OTNM2* 
UZB'N. 
KTM» 
JRM, 

(*)•   UZIN(S)» 
I »I* 
V S(i>)»E ZERÜO). 

FMLYR(IOO) 
tPX(i>5). 

)•   FMLZB(55)» 
LZ2(&5)» 
R3H(55). 
Z4H(55). 

COMMON/AFTERALL/ 

UNMY(35»3 
ENM(55»5) 
PONMXX(55 
PQNXY(55.5) . 

3) RWAE3Z(53 
E3Z(33«3) 
ETA(33«3) 
A<»Y(33«3) 
A4Z(33*3) 
F<»Y(55»5) 
F4Z(53t3) 
FMNMX(33»3)» 
AM1(53*3) 
RXM(33t3) 
Uil(53t5) 
PU(33.3) 
PQX(33.5) 
COMMON   I CON• 

2 ICC.     NOP A« 
COMMON/ITER/ 
COMMON/JHILO/ 

2 NY12(2)» 
3 YAN(2)» 
COMMON/JKFACE/ 
COMMON/T1234/ 

3) 

RX(55.5)f 
UNPX(33«3)« 
EN(33*3)» 
PQNMXY(35»3), 
PONYY(33«3)« 
RWAE1Z(33«3), 
E1Z(33«3)* 
A1Y(33»3)* 
AlZ(33»5)t 
FlY(55»ä). 
FlZ(33t3)( 
NTPT{35»3)t 
FMNMY(33»3)• 
AW2(33»3)f 
RYM(33i3)* 
012(33,3)» 
P12(33,3), 
PQMX(35,3), 

LINCT»     LXl» 
NEOlTt     NSIG 

ALPHA(100) 
0IST(2) • 
NZ12(2)* 
ZAN(2)» 
UNORH(33»3 
A1YT(4)» 
A2ZT(4), 
LY1T(4), 
EPYT(4) , 
PZTU), 
P22T(4), 
PXBT(4), 
F1ZT(4), 
F3ZTU), 
0XT(4), 

RY(33»3) 
UNPY(55, 
PNM(33,3 
P0NMYY(3 
RWA3Z(33 
RH3Z(33* 
RHO(33,3 
A2Y(33,3 
A2Z(33,3 
F2Y(35,3 
F2Z(33,3 
FMSNZ(33 
FMNX(33, 
AW3(33,3 
RXZ(33,3 
022(33,3 
P22(53,3 
VO(33»3) 

LX2, 
i        NMASS 
. DF(1 

Z21( 
YA(2 
UNAY 

I, YAZ( 
A1ZT 
A3YT 
LY2T 
EPZT 
PXT( 
PUB 
ENT( 
F2YT 
OUT 
VOLT 

UNMX(33,3), 
, FMASNM(33,3), 

PN(33,3), 
3),     PQNXX(33,3), 

3)»       RWA1Z(33,3)* 
RH1Z(33,3), 
VOL(33»3)t 
A3Y(33,3), 
A3Z(33»3), 
F3Y(33»3), 
F3Z(33.5), 

3)»       FMASN(33,3)« 
FMNY(33*3), 
AM4(33»3), 
RYZ(33*3), 
QX(33»3), 
PX(33»3), 

i LX4, LX3f 

A2YT(4), 
DILT(4), 
LZ2T(4), 
PYT(4). 
P12T(4), 
P22BT(4), 
F1YT(4), 
F3YT(4), 
022T(4), 

DIMENSION   LAMMA(3)»EMU(3) 
DIMENSION  FY(l),FZ(l),T21Y(l)»T21Z(l),YB(l)tZB(l)»YBO(l)«ZBO(l)t 

2   YBU(1),ZBU(1) 
EQUIVALENCE(LAMMA(l),TINY 
EQUIVALENCE   (PY(1) fFY(1)) 

LX3i 
,   NDMP 
00) 
2), 
It 
(2)» 
33*3), 
(4)f 
(4)» 
(4)i 
(4)t 
4), 
T(4)* 
4), 
(4)* 
(4), 
(4), 

Y21(2), 
ZA(2)t 
UNAZ(2) 
ZAZ(33,3) 
FMASST(4) 
A3ZT(4), 
LZ1T(4)» 
EPXT(4)» 
P11T(4), 
P12bT(4), 
ART(4), 
F2ZT(4), 
äl2T(4), 
VOLM(4) 

A(1)),(EMU(1),TINY   B(l)) 
,(PZ(l),FZ(l))»(EPY(l)«T21Y(in, 
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10 

11 

12 

13 

2 
3 

I 
1 
2 

(EPZ(l),T212(U).(YA(lJ,Yb(l) J»(ZA(l)»2B«n>.(YANU)tYHO(l))t 
(2AN(l)»ZBO(in*IY21(l)*YBU(l))f (Z2l(l)»2BU(in 

REAL 
LAMPt 
LZITt LZ2Tt 

NZ12. NY2t 
LAMMt LY1T. 

NY12t LAMMA, LAM01L 

NZ2f 
LY2Tt 

IT^AX»0 
ITHIN-0 
LUl 
L2'«LX3 
L^-LX4 
L^-LX5 

>LX1 
30 TO C 3* 1*1) »MOTION 
)0 2 J«JMIN»JMAX 
:MASN(J»L5)«FMASNM(J.L5) 
/FMASNCJtL )«FMASNM(J»L ) 
FMASNi J.L2)»FMASNMlJ.L2) 
RX(J*L2>»RXM(J»L2)+UNMX(J»L2)*DTNM 
RY( J.L2)«RYM(J»L2)-»-UNMY(J»L2)»OTNM 
RX(J.L3)»RXM(J.L3)+UNMX(J»L3)»OTNM 
RY(J»L3)«RYM(J»L3)*UNMY{J.L3)»DTNM 
JHI-1 
JLO«2 
MT«6 
00 305 J«JMIN»JMAX 
IF(J.EQ.(JBMAX+1))MT»7 
IF(J.EQ.JMAX) GO TO 11 
DIST(JHI 

1   «2 1 
ZZKJHI 
Y21(JHI 
NY12(JHI 
NZ12(JHI 
YA(JHI 
ZA(JHI 

1 
YANUHI 
ZAN(JHI 

)«SQRT((RXM(J+1.L)-RXM(J.L))**24(RYM(J+ltL)-RYM(J»L))» 

)»RYM{J-H.L)-RYM(J.L) 
)»RXM(J+1»L)-RXM(J»L) 
)»-Z21(JHI  )/DIST(JHI 
)■ Y2l(JHI  )/DIST(JHl 

j«SQRTURXM<JtL)»*2+RXM( J»L)»RXM(J-H.L)+RXM(J-»'1»L)»»2)/3«J 
)«((YA(JHI  )-RXM(JfL) )*RYM(J+l.L) + (RXM(J-H»L)-YA(JHl  ))• 
RYM(J»L))/Y21(JHI  ) 
)«YA(JHI)+0TNMP5»(UNMX(J»L)'i-UNMX(J-H.Ln 
)«ZA:JHI)+0TNMP5*(UNMY(J»L)+UNMY(J+1»L)J 

UNAY(JHl)«(YAN(JH1»-YA(JHl))»RDTNM 
UNAZ(JHn»(ZAN(JHn-ZA(JHin»ROTNM 
IF(J.GT.JMIN) GO TO 12 
NY2*NY12(JHn 
NZ2«NZ12(JHI) 
GO TO 13 
NY2-NY12(JLO) 
NZ2«NZ12(JLO) 
GO TO 13 
NY2«.5»(NYl2(JLO)+NY12(JHn) 
NZ2-.5*(NZ12(JLO)+NZ12(JHn) 
TERM3«(ÜNMX(J•L)*NZ2-UNMY(J »L)*NY2) 
TERMY«TERM3»NZ2 
TtRMZ*'"TERM3*NY2 
WRITE(MTt502)KlNT(NREGI»J.JLQ.JHI.NREG. 

2 NY12( JLO) »NY 12 (JHl). YA(JL0)»YAN(JLO )fYA( JHl». YANUHI) ♦ 
3 NZ12(JLO).NZ12(JHI).ZA(JL0).ZAN(JLO).ZA(JHl).ZAN(Jril) 
IT«1 
ALPHA(IT)«UNORM(J.NREG) 
Y3P1*RXM(J.L2)<«>RXM(J»L) 
Z31«RYM(J»L2)-RYM(J»L) 
IF(J.EO.JMIN) GO TO 131 
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T 

YlP2«RXM|JfL)^YA(JU)) 
YB0*Y1P2 
Z12-RYM(J»L)-ZA(JL0) 
ZB6-212 
Y2P3«YA(JLO)-M*XM(JtL2) 
Z23*ZA(JLO)-RYM(JfL2) 
VOLM(l)»(2l2»(YlP2»«2-RXM(JiL)»YA{JLO)KZ23*(Y2P3*«2-YA(JLOl* 

2      RXM(J»L2n+231«(Y3Pl««2-RXM(JtL2)»RXM(J.Ln)/6. 
IFIJ.EQ.JMAX) 60 TO 132 '• 

131 Y1P2«Y3P1 
Z12—Z31 
Y2P3«R:M(JtL2l*YA(JHn 
Z23«RYH(J*L2)-ZA(JHn 
Y3PJ«YA(jHI)"fRXH(J»L ) 
Z31-ZA(JHl)-RYM(JfL) 
V0LM(2)«lZ12»IYlP2»»2-RXM(J.L)»RXMCJtL2lKZ23*CY2P3**2-RXM(J»L2»« 

2        YA(JHnKZ31»(Y3Pl«»2-YA(JHlJ»RXM(JfLni/6. 
Y1P2-Y3P1 
Z12—Z31 
Y2P3«YA(jHI)^RXM(JfL5)        / 
Z23«ZA(JHI)-RYM(J»L5) 

132 Y3Pl«RXM(JtL5KRXH(J»L) 
Z31«RYM(J*L5)-RYM(JtL) 
IF(J.EQ.JMAX) 60 TO 133 
VOLM(3l»JZ12»(YlP2»»2-RXM(JtL)»YA(JHI))-fZ23»(Y2P3»«2-YA(JHn» 

2        RXM(JtL5) I+Z31»(Y3P1»»2-RXM(J»L5)»RXM(J»L»n/6« 
IF(J«EQ.JMIN) 60 TO 14 

133 Y1P2«Y3P1 
Z12—Z31 
Y2P3-RXM(J*L5)-*-YA(JL0) 
Z23>RYM(JtL3)-ZA(JLO) 
VOLM(4)«(Z12*(YlP2**2-RXM(J»L)»RXM(J.L5)KZ23»(Y2P3»*2-RXM(JfL5)» 

2       YA(JLOn-ZB6*(YB6**2-YA(JLO)*RXM(JtL)n/6* 
14 RX(J»L)-RXM(JfL)-»-DTNM*(ALPHA(lT)*NY24-TERMY) 

RY(JfL)»RYM(J.L)+0TNM»(ALPHA(lT)»NZ2+TERMZ) 
UNPX(JfL)«(RX(J.LJ-RXM(J»LM»ROTNM 
UNPY(J.L)«(RY(JtL) -RYM(J t L))*RDTNM 
WRITE(MTt503)RX(JtL)fNY2tALPHA(IT)fITtRY(JtL)»NZ2 
DO 165 I«l*4 
60 TO(15.50f65»71).I 

15 RB1«.5»(RX(J»L)*RXM(J.L») 
RB3-«5*(RX( JtL2)-*-RXM( JfL2)) 
ZB1  ■•5ft(RY(JtL)4'RYM(J»L}) 
ZB3«.5*(RY( J»L2)4-RYM( J*L2) I 
A31M  »RYM(JtL2)»RXM(JtL)-RYM(J.L)»RXMCJ.L2) 
A31N   «RY(J.L2)«RX(J»L)-RY{J.L)»RX(JtL2) 
RA31       »RXZ(JfL2)-RXZ(JtU 
RAP31     »RX(JtL2J-RX(J»L) 
ZA31        •RYZ(JfL2)-RYZ(JtL) 
ZAP31     ■RY(JfL2)-RY(JfL) 

16 1F(J.EO.JMINJ   60  TO  49 
RB2««5«(YAN(JLO)4>YA(JLOn 
RBA«RB2 
ZB2>*5*(ZAN( JLOKZAt JLO) ) 
ZB4»ZB2 
A12M>RYM(JtL)*YA(JL0)-ZA(JL0)*RXM(J»L) 
A23M«2A{JL0)»RXM(JtL2)-RYM(JtL2)»YA(JL0j 
Al2N»RY(JfL)»YAN<JLO)-ZAN(JLO)»RX(J»L) 
A23N-ZAN(JLO)*RX(J*L2)-RY(JtL2)*YAN(JLO) 

17 A12H-«5*(A12M-*-A12N) 
A23H   «.5»(A23M+A23N) 
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A31H«#»«1A31M+A3IN) 
RB12        -   Rttl     +802 
Rb23        •   Rb2 
RB31        -   RB3 
AlYT(n«(ZB3 
AIZT(I)«(RB2 
A2YT(n«(2Bl 
A2£T(I)«(Rb3 
A3YTin*(2B2 
A32T(I)«(RB1 

♦R63 
♦RBI 
•RB31 
•RBI 2 
»RBI 2 
•RB23 
*RB23 
•RB31 

♦A3lH*A12H)/6. 
)/6« 
♦A12H-fA23H)/6« 

4-A23H4-A31HI/6* 

-ZB2  •RB12 
-RB3  •RB31 
-2B3  ♦RB23 
-RBI  ♦RB12 
-ZB1  ♦RB31 
-RB2  ^623 

MRITE(MT*50A)RBltRB2tRB3*AlYT(n»A2YT(IltA3YT(I}«I» 
2 ZBlt ZB2t ZB3t A1ZT(i)tA2ZT(1»tA3ZT(1) 
60 TO (20.60»70.80 itl 

2U    V00T1    »UNPX(J.L)*A1YT(I )-»-UNPY( J.L)»AlZTvI)+UNAY(JL0»«A2YT(n + 
1 UNAZ(JL0)»A2ZT(l>'»-UNMX(JtL2)»A3YT(I)4üNMY(JtL2)*A3ZT(n 
FMASST(I)«VOLM(1)»RHO(J-11L) 
VOLT(1)«VOLM(I)+VOOT1*0TNM 
D1LT(I»-VOLT(I)/(FMASST(1l*VO(J-1»L)l-l» 
RB2l«YAZ(J-l.NREG»-RXZ(J.L) 
RBP21*YAN(JL0)-RX(JfL) 
RB6*RB21 
RB6P-RBP21 
Zö21«ZAZ(J-ltNREG)-RYZ(JtL) 
ZBP21-ZAN(JL0)-RY(J»L) 
ZB6-ZB21 
ZBGP-ZBP21 
WRITE(MTf30S)V0OTl*VOLT(n»FMASST«I)»&ILT(1)»V0LM(1) 
60 TO 85 

60 TO 55 
5u    IF(J.EO»JMAX) GO TO 61 
55 RB2-RB3 

RB3««5*(YAN( JHIKYAIJHI) ) 
ZB2-ZB3 
ZB3».5»(ZAN(JHI)+ZA(JHI)) 
A12M—A31M 
A23M-RYM(J* L2)«YA(JHI)-ZA(JH1)»RXM(J »L2) 
A31M-ZA(JHl|*RXM(J»L)-RYM(J»L)*YA(JHn 
A12N—A31N 
A23N«RYIJtL2)«YAN(JHI)-ZAN(JHn»RX(J.L2) 
A31N«ZAN(JHl)*RX(J»L)-RY<JtL)*YAN(jHn 
60 TO 17 

60 VD0T2    ■UMPXlJ.L)»AlYT(n^UNPY(J.L)»AlZT(l>^UNMX(J»L2)»A2YT(l) + 
1 UNMYI J»L2)*A2ZT(n+UNAY( JHI )*A3YT( I »♦UNAZC JHI )«A3ZT( i > 
FMASSTI 1)*VOLM(11«RHO(J» L) 
VOLT «I )«V0LM(IKVD0T2«DTNM 
DILT(1)«VOLT(!)/(FMASST(I)*VO(JtL  )»-l. 
RB21«RA31 
RA3l«YAZ(J.NRE6)-RXZ(J.U 
RBP21-RAP31 
RAP31-YAN(JH1)-RX(J»L) 
ZB21-ZA31 
ZA31«ZAZ(J»NRE6)-RYZ(J*L) 
ZBP21-ZAP31 
ZAP31«ZAN(JHI)-RY(J»L) 
WR1TE(MT»505)VDOT2»VOLT(I)»FMASST(I)«DILTCI)tVOLM(I) 
60 TO 85 

61 I-Ul 
60 TO 66 

65    RÖ2»RB3 
ZB2-ZB3 
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A12M*-A31H f 
A23M>ZA(JH1)*RXM(J*LS)-RYM(J»L5I*YAIJHI) 
A12N—A31N 
A23N"ZAN(JHl)*RX(J*L5)>RY(JtL5)*YAN(JHl) 
RB21>RA31 
RBP2I-RAP3I 
ZB2I-2A31 
ZBP21-ZAP31 

66    RB3«.5»(RXM(J.L5)+RX(JtL5)> 
ZB3«.5*(RYH(J*L5)<t-RY(J»L3)) 
A3lM«RYM(JtL5)»RXM(J,L)-RYM(JtL)»RXM(J.L&) 
A3lNBRY(JtL3)*RX(J»L)-RY(JtL)*RX(JtL^} 
RA31»RXZ|J»L5)-RXZ(JtL) 
RAP31*RX(J*L5)-RX(J»L) 
ZA31*RYZfJ*L»)-RYZ(JtL) 
ZAP31-RY(J.L5l-RY(JtL) 
IF(J«EO*JMAX) GO TO 700 
GO TO 17 

70 VOOT3 «üNPXU«L)»AlYT(lH-UNPY{Jtp»AlZT(I)-»-UNAY(JHn   «AZYTil)* 
1                       UNAZUHI)   •A2ZT(ll-<-UNMX(J»L3)*A3YT(lKUNHY(JtL3)«A3ZT(ll 
FMASST(I)»VOLM(I)»RHO(J t L5) 
VOLT(1)»VOLM(l)+V00T3*DTNM 
OILTn)«VOLT(n/(FMASST(n*VO(J.L5   ))-!• 
WRITE(MTf503)VDOT3»VOLT(I)tFMASST(I)tDlLK1)tVOLMiI) 
GO  TO  85 

700       I-I-H 
GO  TO  75 

71 IF(J.EQ.JMIN)GO TO 165 
75    RB2-RB3 

RB3-RB4 
ZB2-ZB3 
ZB3-ZB4 
Ar2M->A31M 
A23M»RYM(J»L5)*YA(JLO)-ZA(JLO)*RXM(JtL5) 
A31M«ZA(JLO)*RXM(J.L)-RYM(J»L)«YA(JLO) 
A12N—A31N 
A23N«RY(J.L5)»YAN(JLO)-ZAN(JLO)*RX(J.L5) 
A31N-ZAN(JLO)«RX(JfL)-RY(JtL)*YAN(JLO) 
GO TO 17 

SO    VD0T4    «UNPXl JtL)»AlYT( I »-fUNPY« JtL)*AlZTCI )4-UNMX( J»L5 )*A2YT ( I )♦ 
1 UNMY(JtL5)»A22T(n+UNAY(JL0)»A3YT(n+UNAZ(JL0)»A3ZT(n 
FMASST(I)«VOLM(I)*RHO(J-1•L5) 
VOLT 11 ) »VOLM« I KVDOT^OTNM 
0lLTm«VOLTm/(FMASSTm»VO(J-l.L5)l-l. 
RB21-RA31 
RA31-RBG 
RBP21-RAP31 
RAP31-RBGP 
ZB21-ZA31 
ZA31-ZBG 
ZBP21*ZAP31 
ZAP31-ZBGP 
WRITE(MTf50&)VDÜT^.VÜLT(I)tFMASSTiI)fDlLTCl)»VULMtI) 

85    AAB ■RA31*ZB21~RB21*ZA31 
A22 -(ZB21 •RAP31 -ZA31  ♦RBP21 )/AAB 
A23 •(RA31 »RBP21 -RB21  ♦RAP31 )/A^a 
A32 •(ZB21 »ZAPil -2A31  •2BP21 )/AAB 
A33 •(RA31 »2BP21 -RB21  •ZAP31 )/AAB 
T22 «A22 •»2t-A32 »•2 
T23 -A22 »A23  ♦A32  »A33 
T33 -A23 ••2*A33 •*2 
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IF(T23.EO.O»   GO  TO   110 
ROOT   -SQRT((T22  -T33   »••2-t>4,»T23»<»21 
TERM«(T22^T33I 
LAMP«,5»(TERM+KOOT) 
LAMM-•5*(TERM-ROOT) 
El*SORT(LAMP) 
E2*SORT(LAMM) 
RROOT1-1./  SQRT1T23»»2'KT22-LAMP)»»2) 
LYlT(n«T23»RROOTl 
LY2T f1)•(T22-LAMP)«RROOT1 
RROOT2"l./SORT(T23»«2*(T22-LAMM)»»2) 
LZlT(n«T23*RROOT2 
LZ2T(I)«(T22-LAMM)«RROOT2 
IF(A8S(LYlT(n).LT.ABSaZlT(lm   GO  TO  95 
IKLYITID.GT.O)   GO   TO   90 
LVlT(n«-LYlT(i) 
LY2TCl)«-LY2T(n 

90 IF(LZ2Tn).Gt.O)   GO   TO   Hi 
Lzmn—LZiTm 
LZ2Tm»-LZ2T(I) 
60 TO 115 

95    IF(LZ1T(I)«GT«0I GO TO 100 
LZ1T(1)«-LZ1T<1) 
LZ2T(n«-LZ2T(I) 

1ÜU   1F(LY2T(I)*GT«0) GO TO 105 
LYlT(I)»-LYlT(n 
LY2TII)«-LY2T(I) 

105   WS»LY1TII) 
LYlT(n*L21T(n 
LZ1T(I)«WS 
WS«LY2T(I) 
LY2T(I)-LZ2T(I) 
LZ2T(n-WS 
60 TO 115 

110   El«SORT(T22) 
LYITd)»!. 
LY2Tin-0« 
E2-SORT(T33) 
LZlT(n«0« 
LZ2T(I)«1« 

115 60 TO (116.117.118.119)fI 
116 E3-VOLT(I)/(FMASST(I)*VO(J-l»L )*E1»E2) 

60 TO 1190 
117 E3«VOLT(n/(FMASST(n»VOU  »L )»E1«E2) 

60 TO 1190 
118 E3»VOLT(I)/(FMASST(I)*VO(J  »L5)»E1*E2) 

60 TO 1190 
119 E3«VOLTm/(FMASST(l )*VU(J-ltL5)*kl*E2) 
1190  EPYT(n«El-l. 

EPZT<n»E2-l. 
EPXT(I)«E3-1. 
IF(I.LT«3)NREG«NREG-t-l 
LAMDIL»LAMMA(NREG)»0ILT(I) 
EMÜ2«-2«*EMU(NREG) 
IF(I.LT.3) NREG«NREG-1 
PYT(1) «EMU2»EPYT(I I-LAMDlL 
P2T( I )»EMU2»EPZT(I)-LAM0lL 
PXT11)■EMU2*EPXT(I)-LAMOIL 
P11T(n«LYlT(.)*»2»PYT«I)+LZlT(Il»»2»PZTII I 
P12T(1)«LY1T(I»»LY2T( I l*PYT ( D+LZIT ( I )»LZ2T (I) •PZTC.I I 
P22Tm«LY2T(n»»2«PYT(I )*LZ2T (I) »*2»PZT ( I ) "*-^. 
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n 

120 

125 

130 

135 

140 

145 

150 

155 

160 

011T(n-012T(I»«022T(n«UXT(I)»0. 
GO  TO   (I20tl25tl30fl35)tl 
ARTII>«URX(JtL)-yAN(JLO) )*(RY(J.L2)-ZAN(JLOn-(RY(J.LJ-ZAN(JLÜ) I» 

1 (RX(J*L5)-YAN(JLOm/6* 
PllBT(n«.5*(PllT(II+QllT( I )+PQNMXX(J-l.L   )) 
P12BTin«.5»(P12T(I)+Q12T(I )+PQNMXY(J-l»L   )) 
P22BT(I )«.5»(P22T(n+Q22T(I)+PONMYY(J-l.L   )} 
PXBTd)«   .5»(PXT(I )+QXT( n+PQMX(J-ltL   I) 
GO   TO   140 
ART( n»MRX( J.L)-RX   (J»L2 ) ) ♦( ZAN( JHlj-RY   ( J» L2 ))-(RY( J.L )- 

1   RY    CJtL2))*(YAN(JHl)-RX    (JtL2))J/6. 
P11BT(1I».5*(P11T(I)*Q11T(I)+P0NMXX(J»L)) 
P12BT(I )«.5»(P12T(n^Ql2T( I )-t-PQNMXY (J • L ) ) 
P22BT(I)»#5»(P22T<n+022T( I )+PONMYY(J.L) ) 
PXBTfl)   «.5»(PXT(n+QXT(I )+POMX(J»L)) 
60   TO   140 
ART(n«((RX(JtL)-YAN(JHl))♦(RY(J»L5)-2AN(JHI)»-(RY(J»L)-ZANlJHl))* 

1 (RX(JtLi))-YAN(JHl M )/6. 
PllBTin».5»(PllT<n-fQllT(n+PUNMXX(J     »15)1 
P12BT(n«.5»(P12T(n+012T( I )+PONMXY(J     tL5)) 
P22BTn)«.5«(P22T(n+Q22T(l)+PQNMYY(J     »15)) 
PXBT(I)«   ^»(PXTd )+0XT(l )+PQMX(J     •L5)) 
60   TO   140 
ART(I)»((RX(J»L)-RX   (J»L5))*(ZAN(JL0)-RY   (J.L5))-(RY(J»L)- 

1 RY   (J»L5))*(YAN(JLOJ-RX   (JtL5)))/6. 
PllBT(n«.5»(PllT(I)+01iT(n+PÜNMXX(J-l.L5n 
P12BT(I)«.5#(P12T(n+012T( n+PQNMXY(J-ltL5n 
P22BT(1 )«.5*(P22T(I)+Q22T(I )+PQNMYY(J-l.L5») 
PXBTfl)-   .5*(PXTd)+OXT( I )+PQMX(J-l.L5n 
ATERMl-AlYHU-ARTd) 
FlYTC   I        )»PliaT(n»ATERMl+P12BT(n»A12T(I)-»-PXbT(I)»ARTd) 
FIZTI   1        )«P12dTd)*ATERMl+P22BT(I)»AlZT(I) 
ATERM2*A2YT(I)-ART(I) 
F2YT(    I )«PlldT(n»ATtRM2+P12BT(I)»A2ZT(l)"»-PXbT(l)*ART(H 
F2ZT1    I        )«P12ÖT(n»ATtRM2+P22BT(n»A2ZTd) 
ATERM3-A3YT( II'ARTd ) 
F3YTC   I        )«PllBT(I)*ATERH3+P12BT(n»A3ZT(n^PXBTd)*ARTd) 
F3ZTC   I        )«P12BTd)«ATERM3+P22BTd)«A3ZTd) 
60  TO   d45fl50tl55»160)f I 
ENTd»«ENM(J-ltL   )-0TNM»(UNPX( J»L)»FlYT( D^UNPY (JtL)*FlZT ( I )♦ 

2 UNAY(JLO)»F2YTd)*üNAZ(JLO)»F2ZTd)+üNMXI J.L2)*F3YT(n + 
3 UNMY(JfL2)*F3ZTd)) 
WRITE!MTt507)UNPX(J*L)tUNAY(JLO)f   UNMX(J.L2). 

2 UNPY(JtU»UNAZ(JLO)f   UNMY(J#L2I 
60   TO   164 
ENTd)-ENMIJ     tL   )-DTNM«IUNPX( J»L)»FlYTd j-fUNPYl J.L)»FIZT ( d-»- 

2 UNMX (J tL2 I•F2YT (I ) ♦UNMY ( JiL2) »F2ZT (11 -»-UNAY ( JHI) »F3YT ( d ♦ 
3 UNAZ(JHd»F3ZT(d) 
MRdE(MTt507 )UNPX ( JtL) »UNMX (Jtt2)*UNAY(JHd» 

2 UNPY(J»L)»UNMY<J»L2)»UNAZ(JHd 
60   TO   164 
ENT(d-ENM(J      .L5)-OTNM«(UNPX(J»L)»FlYT(d'«-UNPYIJ»L)»FlZT(d + 

2 UNAYUHI )»F2YT( I »-»-UNAZ« JHn»F22T d I^UNMXi J»L5 )*F3YT ( d ♦ 
3 UNMY(J»L5)*F3ZTdd 
WRdE(MT.507)UNPX(J.L»»UNAY(JHd»   UNMX(JtL5)» 

2 UNPY(J.U»UNAZ(JHI)»   UNMY(J.L5) 
60   TO   164 
ENTd l«ENM(J-l»L5»-0TNM»<UNPX(J»L)»FlYT(d^UNPY(J»L)«FlZTd )♦ 

2 UNMX(J»L5)*F2YT(d*UNMY(J»L5)»F2ZTd^üNAYIJLÜ)*F3YTd) + 
3 UNAZ(JL0)*F3ZTdd 
WRdE(MT.507)UNPX( J»L)»UNMX( J»L5)fUNAY( JLÜ)    • 
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2 UNPYCJ.L)tüNMYlJtL5)»UNAZ(JLO) 
164 WRITE(MT,506)AAö.A22.AÜ3tA32.A33.T2i.T23tT33tLAMP,LAMM, 

2tlft2.t3.LYlT(nfL21T(l».tPYT(l ).tP2TU)ftPXT(l)iLY2T(l)» 
3LZ2T (I » »PYT (I ) f PZT (I ) .PXT( I ) t ART( I ) • tNT ( I ) »PUT ( 1 ) ,P12T ( 1 ) . 
4 P22T(n,FlYTn»tFlZT(l).F2YT<I)tF22T(I»fF3YT(l)iF32T(I) 

165 CONTINUE 
IF(J.EQ.JMAX)GO TO 170 
FAC23«.5»(YAN(JHI)+RX(J.L)I 
AY23T«FAC23*(RY(JtL)-ZAN(JHI)) 
AZ23T«FAC23*(YAN( JHI)-RX(JtL)I 
FY23T«(PllbT(2)-PllbT(3))*AY23T"f<P12BT(2)-P12bT{3))»AZ23T 
FZ23T«(Pl2bT(2)-P12bTI3n»AY23T-KP22BT(2)-P22bT(3))*AZ23T 
IF(J.OT.JHIN) GO TO 170 
FYT«FY23T 
FZT-FZ23T 
GO TO 180 

170   FACl4»«5«(RX(JtU+YAN(JLOn 
AY14T«FAC14»(ZAN(JLO)-RY(J.L)) 
AZ14T«FAC14»(RX(J»L)-YAN(JL0)) 
FY14T»(P11BT(1)-P11BT(4» )*AY14T-KP12BT (1 )-P12BT( 4) )»AZ14T 
FZl4T«(Pl2BT(l)-P12BT(4))»AYl4T-HP22BTtl)-P22BT(4))»AZl4T 
IF(J.LT.JMAX) GO TO lib 
FYT«FY14T 
FZT-FZ14T 
GO TO 180 

175   FYT«,5»(FY14T-»,FY23T) 
FZT«,5«(FZ14T-t'FZ23T) 

180   ÜF(IT)«NY2*FYT*NZ2»FZT 
WR1TE(MT.508)AY23T»AY14T.FY23T.FY14T,FYT»DFJ1T)» 

2 AZ23T»AZ14T»FZ23T»FZ14T.FZT 
1F(ABS(0F(IT)».LE. CUT0FF)G0 TO 300 
IF((IT.GT.1).AND.(ABS(DF(IT)-DF(IT-l)).LE«(CUTOFF*ABS(OF(IT))))) 

1 GO TO 300 
IF(IT.LT,3  )G0 TO 200 4 

GO TO 300 * 
WRITE<6.500)(ITtJ.KC.N.DF(IT»»ALPHA(lT).ITMIN»ITMAX.IT»1.100) 
WRITE(6tS01) 

2UÜ   IF(IT.tTvl) GO TO 220 
IF(0F(IT))205»300*210 

2U5   ALPHA(IT+1)«1.01»ALPHA(IT) 
GO TO 215 

210   ALPHA(IT+1)=.99»ALPHA(IT) 
215   1F(ALPHA(IT+1».EQ.0)ALPHA(IT+1)«.1 

GO TO 230 
220   IF(IT-30)225i235»265 
22 5   ALPHA ( mi) «ALPHA U T ) -OF (I T )»( ALPHA (IT) -ALPHA (1 T-1) ) / (OF J I T ) - 

1 OF(IT-l)) 
IF(ABS<ALPHA(IT*1)-ALPHA(IT)).LE.(CUT0FF»ABS(ALPHA(IT))) )GO TO 300 

230   IT-IT-H 
GO TO 14 

235   TM1N«-1000. 
THAX«1000« 
IN*1 

240   DO 260 IS»IN.IT 
IF(DF(IS))245.300*250 

245   IF((DF<IS)-TMIN),LT.0) GO TO 260 
TMIN"DF(IS) 
ITMIN-IS 
GO TO 260 

250   IF«(DF(IS)-TMAX).GT.O) GO TO 260 
TMAXaDF(IS) 
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ITMAXMS 
260       CONTINUE 

IMINMMI 
I        IF(<1TMIN.EQ.O).OR.(ITMAX.EQ.O))IMINMAX«   2 

GO TO (290t225)*IMINMAX 
265 GO TO (275»270»»IMINMAX 
27Ü   IN»IT 

GO TO 240 l 

279   IF(OF(IT))2eOt300f2«5 
260   ITHAX*IT 

GO TO 290 
285   ITMIN-IT 
290   ALPHA(IT+1)«.5»(ALPHA(ITM1N)♦ALPHA(ITMAX)I 

IF((ABS(ALPHA(IT + l)-ALPHA(IT))).GT«(CÜTOFF»ABS(ALPHA(IT »)») 
1 60 TO 230 

300   UTAN»((UNMX(J.L5)+UNMX(J.L2))»N22-{UNMY(J»L5»+UNMYIJ.L2))»NY2)».6 
UNORM(JtNREG)»ALPHA(IT) 
JLO-JHI 
JHl«MOO(JLOt2)^l 
UNPXU»L)"N22*UTAN+NY2*UNORM(J»NREG) 
UNPY(J•L)>N2 2*UNORH(J tNREG)-NY 2*UTAN 
UNMX(JiL)«UNPX(J*L) 
UNMY(J*L)>UNPY(JtL) 

305 WRITE(MT,510)UTANtUNORM(J.NRE6J»UNPX(JfL).UNPY(J.L) 
CALL  STRAIN 
CALL STRESS 
CALL STRAINP 
NREG-NREG41 
KC«KINT(NREG)-1 
CALL STRESSP 
NREG-NRE6-1 
KC-KINT(NREG)-1 
CALL STRAINP2 
NREG-NREG4-I 
KC*KINT(NREG)-I 
CALL STRESSP2 
CALL FORCEP2 
CALL ENERGYP2 
NREG-NREG-1 
KC-KINT(NREG)-I 
NPATH--NPATH-H 

306 DO  325 J-JMINtJR 
1F(NPATH.EQ.0» GO TO 326 
FACB—•5»(RX(J»L5)^RX(J+1»L5)» 
AYB ■FACB»(RY(J+l.L5)-RY(JfL5)» 
AZB •FACB»(RX(JtL5)-RX(J+l.L5)) 

3060  FACL—.5»(RX(JtL)+RX(JtL5)) 
FACR«-«5*(RX(J+1.L5)^RX(J*1»L)> 
AYL ■FACL»(RY(JtL5)-RY(J.L)) 
AZL •FACL»(RX(J»L)-RX(JfL5)) 
AYR ■FACR»(RY(J'HtL)-RY(J*lfL5)» 
AZR »FACR*(RX(J + lfL5)-RX(J-»-l.L)) 
PllB«.5*(PQNXX(J.L4)*PH(J.L5)+Qll(JtLi)) 
P12B«.5»(PQNXY(JtL4)*P12(JtLS»)>Q12(J.L5n 
P22B«.5*(PQNYY(JtL4)-i>P22(JtL5KQ22(JtL5)l 
PXB«.5»(POX(J.L4)-fPX(J.L5)+QX(J.L5r ) 
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1F(J.GT.JMIN)   60   TO  307 
PllL«Pll(JtL5J*011{J.L5» , 
P12L«P12(J.L5)*012(JiL5) 
P22L"P22(JtL5)^022(JtL3) 
PXL*PX(J«L&)-«>0XIJ»L3) 
00   TO   310 

307        PllL«.5»(Pll(J.L5»+QU(JtL5)-»-Pll( J-l.L5)-»-Ull(J-l.L5) J 
Pl2L«.5»(P12<JtL5)+Q12(JtL5»^Pl2(J-l.L5)4U12(J-ltL5)» 
P2 2 L = . 3 • (P 2 2 (J • L 3 )-«-0 2 2 U t L 5 ) •«-P 2 2 ( J-111.3) 4Q 2 2 (J -11L 5)) 
PXL».S»(PXIJtL5)4QX(JtL5)+PX(J-ltL5)-fOX<J-ltL5)) 

31Ü        IF(J.LT.JR)   GO   TO   313 
P11R«P11(J*L3)4-Q11(J*L3) 
P12R*P12( J»L3)-*-012(JtL3) , 
P22R«P22(JtL3)-»-022(JtL3) 
PXR«PX(JtL3)4QX(JtL3) 
60  TO  320 

313       PllR»*3«(Pll(JfL3)+Qll(JfL3)+Pll(J+lfL3)+Qll(J+l»L3)) 
P12R».5»(P12(J»L5)>012(J»L5)+P12( J-»-l»L5)+Ql2( J+1»L5) ) 
P22R«.3»(P22(JfL5)+022(J»L5)-«-P22( J-HtL&)+U22(J+l»L5)) 
PXR«.3*(PX(JtL3)+QX(JfL3)+PX(J+lfL3)+0X(J+lfL3n 

32 0       AW«,3«( (RX<J'HtL3)-RX{ J»L) |«(RY( J-i-l tL)-RYlJtL3 ) |-(RX( J+l tL)- 
2 RX(JfL5)»*(RY(J*ltL3)-RY(JtL))) 

FYb = PllB»AYB     •»•P12B*A2B 
FZB«P12B»AYB     +P22B»A2B 
FYL«P11L»AYL     ♦P^LMZL 
FZL«P12L»AYL     ♦P22L*A2L 
FYR«P11R»AYR     ♦P12R»A2R 
F2R»P12R»AYR     ■»•P22R»A2R 
FW»AW»(PX(J»L5)+QX(J»L3) I 
SFW«SFW-fFW 
XPRINT«KC*1-NPATH 
WRITE(MT.509) J.AYB.AYL»AYR.P11B.P11L.P11R»A2B.AZL.AZR.P12B.P12L. 

2 P12R»FYBtFYLfFYR»P22B»P22L>P22R>FZB»FZLtFZR»PXB*PXLtPXR 
3»KPRINTtAW*FW 
IF(NPATHaEQ.O) 60 TO 324 
FYU^FYB-fFYR-fFYL+FW 
F2(J)«FZB*FZR*FZL 
60 TO 323 

324  DIST«SORT((RX(J+l .L5)-RX(J.L5))**2+(RY(J+liL3)-RY(JtL3))**2) 
T21Y(J)»(RX(J+l.L3)-RX(JtL5))/DIST 
T21Z(J»«(RY( J-«"lfL3)-RY(J»L3)l/DlST 
FY ( J)« ( FMASN ( J tL3 ) «FY (J) -FMASN (J . L3 )«{ FYB+FYL-fFYR+FW ) ) »T21Y ( J ) / 

2      (FMASN(J.L5)+FMASN(J.L3)) 
FZ<J)«<FMASN(JfL3)*FZ(J)-FMASN(JtL3)»(FZB+FZL-t-FZR))*T21Z(J)/ 

2      (FMASN(J.L3)+FMASN(J.L3)) 
32 3   CONTINUE 

IF(NPATH«EQ.O)60 TO 330 
NPATH«1-NPATH 
L3-L3 
L4»L2 
L3«L 
L«L2 
60 TO 306 

326   FACB>-«3*(RX(J+1*L )+RX(JtL )) 
AYB«FACB»<RY(J»L J-RY(J+1»L )) 
AZB»FACB«(RX(J+1»L )-RX(J»L )» 
60 TO 3060 

330   L«L3 
L3»LX4 
L3»LX1 
JL0«1 
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JH1«2 
J-JMIN 
YB(JL0)«(RXCJ»L)f>RXM(J»L))**5 
ZB(JLO)»(RY(J»L)+RYM{J»L))».5 
YBD(JLO)«(RX(JfL5)-fRXM(J*L5))**5 
ZBD(JLO)»(RY(JtL5)+RYM(J»L5))**5 
YBU(JLO)«.5»(RX(J.L2)+RXH(J,L2)) 
2BU(JLO)«.5»(RY< J.L2)*RYM(JfL2)) 
DO 350 JOMlNtJR 
YB(JHn«(RX( J-HtL)+RXM(J + l.L) I».5 
2B(JHn"(Rr(J-H»L)-»-RYM(J + l»L))»»5 
YBM«S0RT((YB(JLO)*»2*YB(jL0)*YB(JHn*YB( JMn*#2»/3.) 
ZBM-((YBM-YB(JLO) )*ZB( JH1 )•»-( YB( JHI )-YBM)*ZB( JLO) )/(YB( JHi )- 

2    YB(JLO)) / 
YBOtJMn-(RX( J-H.L5)*RXM(J+1,L5))».5 
ZB0(JHn«(RY(J+l»L5^RYM(J-H,L5))««5 
YBMM«SORT(IYBD(JLO)**2^YB0(JLO)*YB0IJHn  ♦YBCX JHI )»»2)/3« ) 
ZBMM*l(YBMM-YBD(JLO) )*ZBD( JHI )•»-( YBD( JH1 )-YBMM)*ZB0( JLO) ) / (YbD( JHI ) 

2    -YBOULO)) 
YBÜ( JHn«.5»(RX( J + 1.L2)+RXM( J"»-1,L2) I 
ZBU(JHI)««5*(RY(J+ltL2)+RYH(J+l*L2)) 
YBMP-SQRT((YBU(JLO)•♦2+YBU(JLO)«YBU(JHI)fYBUIJHI)••2)/3«) 
ZöMP»((YBMP-YBU(JLO))»ZBU(JHD-K YBUIJHI)-YBMP)»ZBÜ(JLO))/(Ybü(JHI) 

2    -YBU(JLO)) 
AWl(JtL5)«.5«((YBO(JHI)-YBM)»(ZB(JHl)-ZBMM)-(YB(JHI)-YBMMl» 

2 (ZBO(JHI)-ZBM)) 
AW2(JtL5)»»5*((YBMM-YB(JLO))*(ZBH-ZBO(JLO))-IYBM-YBO(JLOn* 

2 (ZBMM-ZB(JLO))) 
AW3(JfL )«.5*(<YBM-YBU«JLO>)*<ZBMP-ZB(JLO))-(YBMP-YB(JLO))♦ 

2  (ZBM-ZBU(JLO)n 
AW4(J»L )».5*((YB(JHI)-YBMP)»(ZBU(JMn-ZBM)-(YBü(JHl)-YöM)» 

2 (ZB(JHl)-ZBMP)) 
AWl(JtL)*0 
AM2(JtL)-0 
AM3(JtL5)«0 
AW4(JtL5|*0 
PXA3-PX(JtL5)*AWl(JtL5) 
PXA4«PX(JtL5)•AW2(J»L5) 
PXA5«PX(J.L)*AW3(JfL ) 
PXA6«PX(J.L)»AW4{J»L ) 
PQNXX(J»L5)«Pll(JtL5)+Ull(J.L5) 
PQNXY(JfL5)«P12(J»L5)-»-Q12(J»L5) 
PONYY(J»L5)*P22(JfL5)>Q22(J.L5) 
PQX(J.L5)»PX(JtL5)+QX(JtL5) 
PONXX(J»L)«Pll(JfL)^QllCJ.L) 
PONXY(J»L)«P12(J.L)+Q12(J.L) 
PONYY(J.L)»P22(J.L)+Q22(J»L) 
PQX(J»L)»PX( J»L)-fOX(J»L) 
PQXXM«.5»(PQNXX(J.L5)*PONMXX(JtL5n 
POXYM«•5»(PQNXY(J t L5)+PQNMXY ( J tL5)) 
PQYYM««5»JPQNYY(J»L5)*PONMYY(J»L5)) 
PQXM».5»;PQX(JtL5)+POMX(J.L5)) 
PQXXP«•5«(PONXX(JtL)+PONMXX(J t L)) 
PQXYP«•5*(PQNXY(J•L)+PONMXY(J•L)) 
POYYP«.5*(PONYY(J » L)♦PQNMYY(JtL)) 
PQXP-«5*(PQX(JtL)+PQHX(J»L)) 
FAC-«S«(YBMP-*-YBM) 
FMPY«FAC» (PQXXP» (ZBMP-ZBM) -fPOXYR* (YBM-YBMP ) ) 
FMPZ«FAC»(POXYP»(ZBMP-ZBM)*PQYYP*(YBM-YBMP)) 
FAC*.5*(YBMM4YBM) 
FMMY-FAC* (POXXM* ( ZBHH-ZBM) -t-POXYM» (YBH-YBMM) ) 
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FMMZ«FAC«(POXYM*(ZöMM-ZaM)+PQYYM*{YBM-YBMM)) 
PQXXN»•5»(PQXXP+PQXXM) 
PQXYN-.5«(PQXYP+PQXYM| 
PQYYN««5«(PQYYP+PQYYM) 
POXN««d*(POXP-»-PQXH) 
FAC1«.5»(YB(JL0)+YBM) 
F1MY-FAC1»  T21YIJ)»(PQXYN»J2B( JLO)-ZBM)-»-PQYYN»(YBM-YB( JLOn )- 

2   T21ZC J)»(POX?;N»(ZB( JLO)-ZBM)+PQXYN»(YBM-YBlJLO) ) ) ) 
F1MZ«   0* 
FAC2«,5*(YÖ( JHD + YBM) 
F2MY«FAC2*(T21Y(J)»(P0XYN*(ZB( JH1 )-ZBMH-PuYYN»lYBM-Yb( JMI ) ) )- 

2 T21Z(J)»(PUXXN»(ZB(JHl)-ZbM)+PUXYN*(YÖM-Yb(JHI)))) 
F2MZ« 0« 
A2l««5»<YB(JLO)+YB( JHn)*SQRT((YB(JHI)-YB(JL0))»*2-KZB(JHI)-Zß( JLü 

2  ))»»2) 
PT«(FY<J)+FZ(J)I/A21 
FlMYT»PT»(FACl*JT21Y(J)»(ZB(JL0)-ZBM)+T2lZ(J)»(YBM-Yb(JLÜ))l) 
F2MYT«PT»(FAC2»(T21Y(J)»(Zb(JHl)-Z8M)+T21Z(J)»(YBM-Yb(JHI)))) 
FY1M«T21Y(J)»F1MYT-T21Z(J)»F1MY 
FZ1M»T21Z(J)»F1MYT-H21Y( J»»F1MY 
FY2M«T21Y(J)»F2MYT-T212(J»*F2MY 
FZ2M«T21Z(J)»F2MYT"H21Y(J)»F2MY 
EN(J t L)»ENM(J t L ) + ((UNPX(J t L)-UNMX(J t L2))»FY1M+(UNPY(J t L)-UNMY(J t L2 

2 ) )»F21M-KÜNMX(J»L2)-UNMX( J+1.L2) )»FMPY-KUNMY( JtL2 )-UNMY 
3 (J-H»L2))»FMPZ^(UNMX(J"HtL2l-UNPX(J'HtL ) )»FY2M+(UNMY ( J-H i 
4L2)-UNPY(J+1.L) )*FZ2M)«DTNM-UNMX( J»L2)*PXA5-UNMX(J-HfL2)»PXA6 
EN ( J t L5 ) »tNM ( J. L& ) + ( (UNPX ( J+1»L ) -UNMX ( J +1. LJ>) ) *F Y 2M+ (UNPY ( J-f 1 • L) - 

2 UNMY ( J+l t L5 ) ) *FZ2M+ (UNMX ( J+I iL5 ) -UNMX ( J . L5 ) ) »FMMY-t- 
3 (UNMY(J+1»L5)-UNMY<JfL3))»FMMZ*(UNMX(JiL5)-UNPX{JtLI)♦ 
h FY1M+(UNMY(JtL5)-UNPY(J»L))»FZ1M)»DTNM-UNMX(J+l»LS)*PXA3 
5 -UNMX(J»L5)*PXA4 

F1Y(JfL5)«FY2M-FMMY+PXA3 
FJ.Z( J»L5)»FZ2M-FMMZ 
F2Y(JtL5)«FMMY-FYlM+PXA<» 
F2ZCJtL5)«FMMZ-F21M 
F3Y(J»L   )»FY1M-FMPY+PXA5 
F3Z(J.L   )«FZ1M-FMPZ 
F*Y(J»L   )»FMPY-FY2M-»-PXA6 
F4Z(J»L   )«FMPZ-FZ2M 
FlY(JtL)«0 
F1Z(J*L)«0 
F2Y(JfL)«0 
F2Z(J»L)«0 
F3Y(JtL5)«0 
F3Z(J«L5)*0 
F<»YCJ»L5)«0 
F4Z(J»L5)»0 
WRITE(MT»511)    J«T21Y(J)tFY(J)tYBMMtYBM*YBMPtT21Z(J)tFZ(J)tZbMM» 

2   ZBMtZBMPtYBOiJL0)ffYB0(JhI)tYB(JLO)»YbCJHl)»YbUiJLO)tYBU(JHl)» 
2   ZbD(JLC)tZBO(JHn>ZB(JLO)»ZB(JHI)»ZBUCJLO)»ZBUCJHl)« 
3PXA3»PXA4tPXA5tPXA6tPQXXPfPÜXYP»PQYYPfPUXP.P(JXXMtPUXYMtPüYYM,PUXM. 
<»FMPYtFMPZ»FMMY»FMMZ»PQXXN»PGXYN»PQYYN»PUXN.FlMY.FlMZ»F2MY.F^MZt 
5A2ltPTtFlMYT.F2MYTtFYlM,FZlM.FY2M.FZ2M 

JLO-JHI 
350        JHI=M0D{JL0»2)+1 

RETURN 
500 FORMAT(IH   / 

1 UI8.2E17.9.2I8/) ) 
501 FORMAT(IH   / 

HÖH   ITERATION   TROUBLE) 
502 FORMAT(1H1/ 
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503 

5 04 

505 

50S 

507 

506 

5U9 

510 

511 

232H K            J 
394H N12IY) 
4 YB 
594H N12(Z) 
6 ZI 

JA JB     RE6I0N/4I6.I8// 
N23(Y) 

YB(N)/ 
N23(Z) 

Zb(N)/ 
7l6E17.9n 
FORMAT(1H / 

2115H    Y2PRIME(N)      N2(Y) 
3 
426H    Z2PRIME(N)       N2(Z)/ 
53E17«9t55XtI9/2E17.9/) 
FORMAT(1H / 
2114H    YBÄR(l) YbAR(2) 
3 A2Y(T» A3Y(T) 
495H    ZBAR(l) ZBAR(2) 
5        A2Zm A3Z(T)/ 
66E17.9tl8/6E17.9) 
FORMAT(1H / 
279H    VDOTm VOL(T) 
3 MV0L(T)/5E17.9) 
FORMAT(1H / 
275H    A(AB) A22 

A33/5E17.9/ 
T22 T23 
LAMMA(-)/5E17«9/ 

El E2 
LZim/5E17.9/ 

EPY(T) EPZ(T) 
LZ2(T)/5E17.9/ 

PYJT) PZ(T) 
£N(T)/5E17.9/ 

P1UT) P12(T) 
FlZm/5E17,9/ 

3 
4iOH 
5 
676H 
7 
878H 
9 
177H 
2 
37BH 
4 
561H    F2Y(T) 
64E17.9) 
FORMAT(1H / 
241H    UY1 
241H    UZ1 
42(3E17*9/)) 
FORMAT(1H / 
295H   AY(B2) 
3        FY 
474H    AZ(B2) 
5        FZ/ 
66E17.9/5E17.9) 
FORMAT(1H0/ 
2101H   J    AY(43) 
31(43) P011(14) 
4101H Z 
52 12 
6101H        FY(43) 
72 22 
BIOIH        Z 
9 X 
A I4*6E17.9/3(4X*6E17«9/) 
127H   X   AW 
2 I4*2E17.9) 
FORMAT(1H / 

264H UTAN 
ll/4E17«f) 
FORMAT(1H0/ 

F2Z(T) 

UY2 
UZ 2 

AY(2A) 
OFN(I)/ 

AZ(2A) 

YA 

ZA 

ALPHA(I) 
ITERATION/ 

YBAR(3) 
TRIANGLE/ 

ZBAR(3) 

MASS(T) 

A23 

T33 

E3 

Epxm 

PXIT) 

P22(T) 

F3Y(T) 

ÜY3/ 
UZ3/ 

FY(B2) 

FZ(B2) 

AY(14) 
PQ11(32)/ 

Z 
12 

FY(14) 
22 

Z 

AY(32) 

Z 

FY(32) 

Z 

FW/ 

UNOR UX(N-l/2) 

YA(N) 

ZA(N) 

AlYtT) 

A1Z(T) 

DIL(T) 

A32 
i 

LAMMAI♦i / 

LY1CT» 

LY2tT) 

ARtA(T) 

F1Y(TJ I 
i 

F3Z(T)/' 

yvcN-l/ü 
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2S2H       J TY(21I FYJ21) YBMINUS YBAR 
3M YBPLUS/ 
4»B2H TZ(21) FZ(21) Z Z 
5 Z / 
6   I4»5El7.9/4»X.5tl7 .9/ 
798H YB(4) VttSI YBU) Ytt(2 
• 1 YB<5) YB(6)/ 
998H Z I Z z 
A I I           / 
1   2(4X.6E17. .9/) 
263H PXA3 PXA4 PXA5 PXA6 
3/4X»4El7,9/ 
461H     {*) PQ11 PQ12 PQ22 PX/ 
54X»4E17.9/ 
661H     (-) PQ1I P012 PQ22 PX/ 
74X»4E17.9/ 
B61H FY(M+M) FZ FY<M-M» FZ/ 
94X.4E17.9/ 
B61H PQIKN- 1/2) PQ12 PQ22 PX/ 
14X»4E17«9/ 
26IN  NORM FY(IM) FZ FY(2H) FZ/ 
34X.4E17.9/ 
466H A21 PT FY(IM)T FY(2 
5M»T/ 
64X«4E17.9/ 
761H FYCIM» FZ FY(2M) FZ/ 
84X.4E17.9/) 

END 
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SUBROUTINE  LINEIN 
SUBROUTINE LINOO 
COMMON/1NOUMP/ 

( 

NRbGt 
KBMAX*     TIMEt       SMOMZI» 
SENERIt   SIETPT.   SKETPTt 
FIMPYt     SMASSI»   SMSTPTt 
KBOT.        KTOP»        MAXNt 
KB» CUT1»       CUT2. 
UZRBINi  UYLTlNt   UYTIN» 
JMIN»        JMAX.        KMIN» 
KTt 
TINY   A(5)t 
E  S(5)» 
FMLZRIIOO)« 

COMMON/THEREST/ 

EIN(5)f 
TINY   B(5). 
ALFA(5)» 

EPY(55). 
FML2TI55), 
PY(55). 
R4H(55)t 
U2(55.2). 

EPZ(53)t 

LYKSS). 
PZ{55»t 
ZlH(53)t 
B(55»4) 

ROTNM»     MOTION* 
SMZTPT*   SMOMZ* 
WORK»        SUMIE» 
SMASS.      PRQBNO» 
TMAX*        DTNMN» 
UYLBIN»   UYBIN» 
UYRTIN»   UZLTIN* 
KMAX»        JL» 

KINTm»      RHOIN(3 
R  2ERO(5)»BETA(5) 
BIG  A(5)»   BIG   B(5 

KSV<24)» 
A(»5)» 
FMLY8(55)» 
LY2(Sblf 
R1H(55), 
Z2H(55)» 

JBMIN* 
&MOMYI• 
SUMKE* 
OTNM» 
SFW* 
UYRBIN» 
UZTIN» 
J3* 

)• UYIN 
* QCON 
)» RCP 
SAV(12»» 
DIL(55J» 
FMLYT(55 
LZ1(55J. 
R2H(&5). 
Z3H(55). 

JBMAX* 
SMYTPT. 
SUMTt. 
CUTOFF. 
DTNMP3» 
UZLÖIN, 
UZRTIN. 
JR. 

KBMIN* 
SMOMY» 
F1MPZ. 
N» 
OTNM2* 
UZblN. 
KTM, 
JRM» 

(3)*   UZIN(b)» 

V S(5)»E ZERO(J.), 
FMLYR(IOO) 
EPXCbb). 

)•   FMLZB(53)t 
LZ2(b5)» 
R3H(55)» 
Z4H(55). 

COMMON/AFTERALL/ 
A 
1 UNMY(55.5)t 
2 ENM(55»5). 
3 PONMXX(55»5)» 
4 PONXY(55.5). 
5 RWAE3Z<55.S>)» 
6 E3Z(55.5). 
7 ETA(55»5)» 
8 A4YI55*5)» 
9 AAZ(95»5)» 
A   FAY(»5»5)» 
1 F4Z(55»5)» 
2 FMNMX(55»5)t 
h AM1(55»5)» 
5 RXM(55»5). 
6 Qll(55.5J. 
7 Pll(55.5). 
8 PQX(55.5). 

COMMON       ICON» 
2   KC. NOP A. 

COMMON/S/ 

RX(55.5)» 
UNPX(55»5). 
EN(55.5)» 
PQNMXY(55.5). 
PQNYY(55.5). 
RWAE1Z(55.5). 
E1Z(55»5)» 
A1Y(55.5). 
A1Z(55»5). 
F1Y(55»5)» 
F1Z(55»5)» 
NTPT(55»5)» 
FMNMY(55»5). 
AW2(55.5). 
RYM(55.5). 
012(55.5). 
P12(55.5). 
POMX(55»5)» 

LINCT»     LX1. 
NEOIT»     NSIG« 

S6(55)» 
512(55)» 
S18(55) 
S24(S5) 
530(55) 

Sl(55). 
S7(55). 

513(55)» 
519(55). 
525(55). 
531(55). 

52(55). 
58(55). 

514(55). 
520(55)» 
526(55). 
532(55). 

RY(55.5). 
UNPY(55»5) 
PNM(55»5). 
PQNMYY(55. 
RMA3Z(55.5 
RH3Z(55.b) 
RHO(55»5). 
A2Y(55»5)» 
A2Z(55»5)» 
F2Y(55.5). 
F2Z(55»5)» 
FM5NZ(55.5 
FMNX(55»5) 
AW3(55»5)» 
RXZ(55.5)» 
022(55*5). 
P22(55»5)» 
V0(55.5) 

LX2. 
NMAS5. 
53(55) 
59(55) 

515(55) 
521(55 
527(55 
533(55 

UNMX(55»5)» 
» FMA5NM(55»5)» 

PN(55.5). 
5).     PQNXX(55.5). 
).       RWA1Z(55.5). 
. RH1Z(55»5)» 

VOL(55»5)» 
A3Y(55»5)» 
A3Z(55»5)» 
F3Y(55»5)» 
F3Z(55»5)» 

)» FMA5N(55»5)» 
t FMNY(55»5). 

AM4(55»5)» 
RYZ(55.5). 
OX(55.5). 
PX(55.5). 

LX3. 
NDMP 

LX4. 

) . 
) . 

54(55). 
510(55). 

516(55). 
522(55). 
528(55). 

LX5* 

55(55)» 
511(55)» 

517(55)» 
523(55)» 
529(55)» 

DIMENSION DUMPV(l) 
EQUIVALENCE(NREG»0UMPV(1)) 

I 
ENTRY   LINEINI 

I 
L*LX4 
CALL  MIN 
00  5   J»JMIN.JMAX 
RXM(J.L)«51(J) $RYM(J.L)«52(J) 

UNMY(J.L)»   S4(J)SFMA5NM(J.L)-   S5(J)$ 
PNM(J.L)*57(J) SPQNMXX(J»L)*58(J) 
PONMYY(J»L)-S10(J)S VOL(J»L)«Sll(J)S 
P0MX(J»L)-S13(J) SFMNMX(J»L)-S14( 
NTPT(J.L)«S16(J) SA1Y(J.L)«517(J) 
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SUNMX(J.L)«53(J) 
ENM(J.L)-  S6(J) 

SP0NMXY(J.L)*S9(J) 
RH0(J.L)«512(J) 

J)     SFMNMY(J.L)-515(J) 
SA2Y(J.L)«518(J) 



A3Y(J,LI»SI9(J) 
A22(JfL)«S22(J) 
AW1  (J»L)«S25(J) 
AW4  (J.L»»S28(J) 
V0(J»L)»S31(JI 

b  CONTINUE 
60 TO 8 

6     IF(NDPA.EQ.O) 
WRITE! 10)( 

2 UNMXCJtDt 
3 PNMIJtDt 
4 VOL(JtL)» 
b  FMNMX(J»L)* 
6 NTPTIJfDt 
7 AlY<J»L)t 
8 AUlJtDt 
9 AMI      (J.L)» 
A  RXZ(J»L|. 

RETURN 

ENTRY   LINEIN4 

SA4Y(JfL)«S20(J) SAIZCJ« 
SA3Z(JfU«S23(J) SA4Z(Jt 
SAW2      (JfL)«S26(J) SAW3      ( 
SRX2(JtU»S29(J) SRYZ(J» 

L)«S21{J) 
L)=S24(J) 
JtL)«S27(J) 
L)«S30{J) 

RETURN 
RXM(JfL)f 
UNMY(JtL)» 
PONHXXIJtUt 
RHO(JtLJ» 
FMNMY(JtL). 

A2Y(J»L)» 
AZZIJiD» 
AW2      (J.L). 
RYZU.Dt 

RYM(J.L). 
FHASNMUtDt 
PQNMXY(J.L). 
POMXU.L). 

ENMUtD» 
PQNMYY( J.Dt 

A3Y(J»L). 
A32(J.L). 
AW3     (JtL). 

VOCJ.Dt 

A4Y(J.L)* 
A4Z(J.L). 
AW4     (J.L). 

J-JMIN.JMAX) 

35   IF(NOPA)40»40»36 
36 WRITE!10)    (DUMPV(J).J«l.400) 

NOMP«NDMP-t>l 
WRITE(6.100)NDMP*PROBNO.TIME.N 

40 DO  46   L»1.4 
41  CALL   MIN 

00   12345  J-JMIN.JMAX 
RXM(J.L)«S1(J) SRYM(JtL)*S2(J) $UNMX(J 

UNMY(J.L)«   S4(J)fFMASNM(J.L)»   S5(J)S        ENM(J.L)« 
PNM(J.L»«   S7(J)SP0NMXX(J.L)»   S8 (J)SPQNMXY(J.L)» 

PONMYY(J.L)«S10(J)J        V0L(J.L)«S11(J)S        RH0(J.L)»S 
P0«X(J.L)»S13(J) 
NTPT(J.L)»S16(J) 
A3Y(J.L)«S19(J) 
A2Z(J.L)«S22(J) 
AW1      (J.L)-S25(J) 
AW4      (J.L)«S28(J) 
V0(J.L)«S31(J) 

12345  CONTINUE 
44 IF(N0PA)46*46»45 
45 WRITE(10)( 

2 üNMX(J.L)t 
3 PNM(J.L). 
4 VOL(J»Lit 
5 FMNMX(J.L)» 
6 NTPT(J.L). 
7 AIYCJ.L). 
8 AIZ(J.L). 
9 AW1      (J.L)» 
A  RXZ(J.L). 
GO TO 46 

46 CONTINUE 
70 RETURN 

100 FORMAT(22HOA 

$FMNMX(J.L)»S1<KJ) SFMKMYf 
SA1Y(J.L)«S17(J) $A2Y(J. 
$A4Y(J.L)»S20(J) $A1Z(J. 
SA3Z(J.L)«S23(J) SA4Z(J» 
SAW2  (J.L)«S26(J) SAW3  ( 
>RXZ(J»L)«S29(J) SRYZU. 

•L)«S3(J) 
S6(J) 
S9(J) 
12(J) 
J.L)«S15(J) 
L)-S18(J) 
L)«S21(J) 
L)«S24(J) 
J.L)»S27(J) 
L)«S3Ü(J) 

RXM(J.L). 
UNMY(J.L)» 
PONMXX(J.L). 
RHO(J.L)» 
FMNMY(J.L). 

A2Y(J.L). 
A22(J.L)t 
AW2  (J.L). 
RYZ(J.L)» 

RYM(J.L). 
FMASNM(J.L). 
PONMXY(J.L). 
POMX(J.L). 

tNM(J.L). 
PONMYY(J.L). 

A3Y(J.L). 
A3Z(J.L). 
AW3  (J»L). 

VO(J.L)» 

A4Y(J.L). 
A4Z(J.L). 
AW4  (J.L). 

J-JMIN.JMAX) 

10BLEM 
END 

DUMP HAS BEEN TAKEN/12H0DUMP NUMBER»16»23H 
NUMBER.F7.2»8H AT TIME»1PE16.7.10H ON CYCLE »16) 

IS FROM PR 
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SUBROUTINE 
SUBROUTINE 

LINCUT 
LOUTOO 

COMMON/INDUMP/ 
2 
3 
4 
3 
6 
7 
6 
9 
2 
A 

2 
3 

5 
6 

A 
1 
2 
3 
h 
b 
6 
7 
8 
9 
A 
1 
2 

5 
6 
7 
8 

KbMAX.  TIME* 
SENERI* SIETPTt 
FIMPYt  SMASSlt 
K,BOTt   KTOPt 
KB»     CUT1. 
UZRBIN. UYLTIN. 
JMlNt   JMAXt 
KTt 
TINY A(3). 
£ 3(5). 
FMLZRCIOO). 

COMMON/THEREST/ 

NREGt 
SMOMZlt 
SKETPT* 
SMSTPT. 
MAXNt 
CUT2. 
UYTIN. 
KMIN. 

EIN(5)» 
TINY B(3). 
ALFA(5). 

EPY(55). 
FMLZT(55). 
PY(55). 
PAH(55). 
U2(55.2). 

EPZ(55). 
LYl(55). 
PZ(55). 
ZlH(i>5)t 
B(35t4) 

RDTNM.  MOTION. 
SMZTPT. SMOMZ. 
WORK.   SUMIE. 
SMASS.  PROBNO. 
TMAXt   OTNMN. 
UYLBIN. UYBIN. 
UYRTIN. UZLT1N. 
KMAX.   JL. 

MNT(5).  RHOIN(5 
R ZtRO(5).faETA(5) 
BIG A(5). BIG 0(5 

KSV(24). 
A(5$). 
FMLYB(55I. 
LY2(55). 
R1H(55). 
Z2H(55). 

JBMINt 
SMOMYlt 
SUMKEt 
OTNMt 
SFM. 
UYRBINt 
UZTlNt 
J3t 

)• UYIN 
• QCON 
It RCP 
SAV(12). 
DIL(55). 
FMLYT(55 
LZ1(55). 
R2H(55). 
Z3H{55). 

JBMAX. 
SMYTPT. 
SUMTE* 
CUTOFF, 
OTNMP5. 
UZLBIN. 
UZRTIN» 
JR. 

KBMINt 
SMOMY t 
FIMPZt 
N, 
OTNM2. 
UZÖ1N. 
KTM. 
JRM. 

(5).   UZIN(5)t 
(5)» 
V S(5).£ ZERO(5|. 

FMLYR(IOO) 
EPX(55)» 

If   FMLZB(55)f 
LZ2(55). 
R3H(55). 
Z4H(55). 

COMMON/AFTERALL/ 

UNMY(55.5 
ENM(55.5) 
PQNMXX(55 
PQNXY(55.5). 
RWAE3Z(55.5) 
F3Z(55.5) 
£TA(55.5) 
A^YCSS.S) 
A4Z(55.5) 
F4Y(55.5I 
F4Z(55.5) 
FMNMX(55.5). 
AW1(55.5) 
RXM(55.5) 
Qll(55.5) 
Pll(55.5) 
POX(55.5) 

COMMON   ICON. 
2 KCt NOPA. 
COMMON/S/ 

5). 

Slf»Slf 
2 S6(55).   S7(55). 
3 512(55).  S13(55). 
4 518(55).  519(55) 
5 524(55).  525(55) 
6 530(55).  531(55) 
DIMENSION PTMA5S(55) 
EQUI VALENCE(PTMAS5(1)»PY(1)I 

RX(55.5). 
UNPX(55.5)f 
EN(55.5). 
PONMXY(55.5). 
PQNYY(55.5), 
RWAE1Z(55.5). 
E1Z(55.5). 
AlY(55f5). 
A1Z(55.5). 
F1Y(55.5). 
F1Z(55.5). 
NTPT{55.5), 
FMNMY(55.5), 
AW2(55,5). 
RYM(55,5)f 
012(55.5». 
P12(55.5). 
POMX(55.5)f 

LINCT.  LX1. 
NEDIT.  NSIG. 

52(55). 
58(55). 

514(55). 
520(55) 
526(55) 
532(55) 

RY(55.5). 
UNPY(55.5) 
PNM(55.5). 
PONMYYi55. 
RMA3Z(55.5 
RH3Z(55.5) 
RHO(55.5). 
A2Y(55.5). 
A2Z(55.5). 
F2Y(55.5). 
F2Z(55.5). 
FMSNZ(55.5 
FMNX(55.5) 
AW3(55f5). 
RXZ(55.5). 
022(55.5). 
P22(55.5). 
VO(55.5) 

LX2. 
NMAS5. 
53(55) 
59(55) 

515(55) 
.  521(55 
.  527(55 
•  533(55 

5). 
). 
. 

). 

UNMX(55f5). 
FMA5NM(55.5). 
PN(55.5). 
PONXX(55f5). 
RWA1Z(55»5). 
RHlZ(55f5). 
VOL(55.5). 
A3Y(55.5). 
A3Z(55.5). 
F3Y(55»5). 
F3Z(55.5). 
FMASN(55.5». 
FMNY(55f5)f 
AW4(55.5). 
RYZ(55.5). 
QX(55.5). 
PX(55.5). 

LX4f LX3. 
NDMP 

54(55). 
510(551. 

516(55). 
522(55). 
528(55). 

) . 
). 

LX5. 

55(55). 
511(55). 

517(55). 
523(55). 
529(55). 

C**»** 

C4HMKH 
1U0 

300 
3000 
3001 

30010 
30011 
30012 
30013 

ENTRY LINOUT 

L-LX5 
IF(NEDIT)327.327.3000 
IF(KSV( ID) 30010. 3002.3001 
KSV(ll)—KSV(ll) 
READ( 5.3003 )JJMIN.JJMAX.ICKMIN.KKMAX 
IF(LINCT-KMAX)30012.3001It 30011 
K5V(11)«KSV(11)-H 
IF(LINCT-KKMIN)327.30013.30013 
IF(LINCT-KKMAX)311.311.327 
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3U02 JJHIN>JMIN 
JJHAX*JHAX 

311 DO   312   J.JJMIN.JJMAX 
312 PTMASS(J)»2.»FMSNZ(JtL) 

IF(LINCT.LT.ICMAXJ GO  TO   316 
DO   315   J«JJMIN»JJMAX 
RHO(JtL   )=0.0 
PN(J»L   )«0.0 
FMASNCJ.L   )«0«0 
ETA{J.L   )«0.0 
EN(JtL   )>0.0 
RH3Z(J»L)»0.0 
RWA3Z(J»L)S0*0 
E3Z(JfL)«0* 
RWAE3Z(J»L)«0« 
VOL( JtL)*0» 
P11(J*L)«0* 
P12tJfL)«0. 
P22(JtL)«0« 
PXCJtL)-0. 
F1Y(J.L)«0. 
F2Y(J»L)«0» 
F3Y(J.L)-0f 
F4Y(J»L)«0. 
F1Z(J*L)«0. 
F2Z(JtL)-0« 
F3Z<J.L)«0. 
F4Z(JtL)«0« 
Qll(JtLI"0« 
Q12(JfL)*0* 
Q22(J*L)»0* 
QX(J«L)"G* 
A1Y(J.L)"0. 
A2Y(J.L)«0» 
A3Y<JtL)«0. 
A4Y(J»L)«0. 
A1Z(J»L)«0* 
A2Z(J*L)«0« 
A3Z(JtL)-0« 
A4Z(J»L)«0. 
AWl(J*L)-0« 
AW2(J*L)-0« 
AW3(J*L)«0« 

315 AW4(J,L)»0. 
316 DO   320   I»JJMINtJJMAX»10 

JPR1NT-I+9 
IF(JPRINT.GT.JJMAX)   JPRINT 

320       WRITE(6tl) 
2 
3 VOLUtUt 
4 UNMX(JtL) 
5 EIZ(J.L)» 
6 RH3Z(JfL) 
7 QlKJtDt 
8 FlZ(J»L)t 
9 AM2(J*L)f 
A   A4Y(J.Uf 
1 PX(JfL). 
2 F4Y(J»L)f 

327  DO   12345   J^ 
SKJ)« 

PROÖNO. 
( 
RHO(J»L). 
UNMY(JiL)t 
RWAE1Z(J»L)* 
RMA3Z(J»L)f 
A2Y( J»L) • 
P12(J«L)t 
F2Y<J»L)» 
A4Z( JtL) t 
0X( JtUt 
F42( JtL) t 

:JMIN.JMAX 
RX(JtL)$  S2<J)« 

JJMAX 
TIMEt 
RX(JtL)t 
ETAU.U» 
FMASN(J.L)f 
FMNX(JfL)» 
E3Z(JtL)» 
A2Z(JfL)» 
Ul2(JtL)f 
F22(JtL)» 
AW3(JtL)f 
A3Y(J*L)t 
J»I.JPRINT) 

OTNM. 
RY(JtL)» 
EN(J.L). 
RHlZ(J*L)f 
FMNY<J»L). 
RMAE3Z(JtL)t 
AMKJtD* 
AIYiJfLJ. 
P22(J*L)t 
F3Y( J.Dt 
A3Z(JtU* 

J»   LlNCTtNt 
RMAlZ(JtL)» 
PTMASS(J)» 
PUUtUt 
FlYlJtLJt 
AlZ(JfL)* 
U22(J»L)» 
F3Z(JtL). 
AM4( JtU» 

RY(J.L)»   S3(J)«     UNPX(JtL) 
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S5(J)« FMASN(J.L)S 
S8(J)-PQNXX(J»L)S 
Sll(J)«VOL(JtL)S 

S6(J)» tN(J»U 
S9(J)»PUNXY(JiL) 
S12(J)«RH0(J.L) 

iSl4(J)«FMN X(JtL)  SS15(J)«FMN Y(JtL) 

$S19(J)«A3Y(J.L) 
$S22(J)-A2Z(J.L) 

SS27(J)«AW3  (J.L) 

S4(J)»  UNPY(JtL)» 
S7(J)-PN(J»L)S 
S10(J)«P0NYY(JtL)S 
S13(J)«PQX(J*L: 
S16(J)-NTPT(JfL) 
S17(J)»AlY(JtL) 
S20(J)*A4»Y(JtL) 
S23(J)«A3Z(JtL) 
S2MJ)»Awl  (J«LI 
S28(JJ«AW4  (J.L) 
S29(J)«RXZ(J«L) 
S31(J)*V0(J»L) 

12345 CONTINUE 
CALL MOUT 

340 IF(LlNCT-KMAX)370«35Ot350 
350 SUMTt-SUMlE+SUMXE 

IF(NEOIT)360I368I360 

360 WRITE(6»6) 
WRITE{6»7)SUMIE.SIETPT.SMYTPTfFIMPY.SMOMYI»SMOMY.SMSTPTtSUMKE 
l»SXETPT»SMZTPT»FIMPZtSH0NZIiSMOM2fSMASSItSUMTEtWORX*SMASStSENERl 
RETURN 

$S18(J)«A2Y( JtL) 
*S21(J)«AU(J.L) 
SS24(J}-A4Z(J»L) 
SS26(J)«AW2  (JtL) 

$S30(J)«RYZU.L) 

370 IFCKC.GT.KTJCO TO 380 
366 LINCT«L1NCT+1 

RETURN 
360 LX5«LX1 

LX1-LX2 
LX2-LX3 
LINCT-LINCT+I 
60 TO 100 
FORMAT (UH1    PROBLEM* F7.2»5X6H 
BUM // 
2119H Y Z 
3 ETA E 
4112H U(N-1/2I V(N-l/2) 
5 RWA10 E10 
6112H MOM Y MOM Z 
7 RWA30 ISO 
6109H Pll on 
9 AW1 F1Y 
A109H P12 012 
I AW 2 F2Y 
2109H P22 022 
3 AMI F3Y 
4109H PX OX 
5 AW4 F4Y 

IE« El7.9t5X9M0ELTA T« E17.9// 

VOL RHO 
•  J«  K»CYCLE»/ 
ZONE MASS       RM10 

RWAE10/ 
PT« MASS        RH30 

RWAE30// 
A1Y A1Z 

F1Z/ 
A2Y A2Z 

F2Z/ 
A3Y A3Z 

F3Z/ 
A4Y A4Z 

F4Z/// 
6(10(6E17.9.3H  ••I3tlH*iI3flH*fI5flH*/2(7E17«9/)/4(7E17.9/)//)))) 

6 FORMAT!lH0t9X»5HSUMIE*llX»6HSIETPT.10Xf6HSMXTPTtl0Xt5HFIMPX*llX 
l»6HSMOMXIflOXf5HSMOMXtllXt6hSMSTPT/10Xf5HSUMKEfllX*6HSKETPTflOX 
2»6HSMYTPT*10X»5HFIMPYillXff6HSMOMYlfl0Xi5HSMOMY»llX»6HSMASSl/10X 
3f5HSUMTEtllX«4HW0RK»76X«5HSMASS/26Xt6HSENERI/) 

7 F0RMAT(7X.lP7E16,7/7XlP7E16.7/7XtlP2E16.7»64X.lPE16.7/23X.lPE16.7) 
3003  F0RMAT(4I6) 

END 
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SUBROUTINE 
SUBROUTINE 

NEWU L 
NWULOO 

COMMON/INDUMP/ NREGf 
SMOMZIt 
SK.tTPT» 
SMSTPTt 
MAXNt 
CUT2. 
UYTINt 
KMIN* 

2 KBMAXt     TlMEt 
3 SENERI»   SIETPT. 
4 FIMPY.     SMASSIt 
5 »COOT.        KTOPt 
6 KBt CUTl» 
7 UZRBIN*   UYLT1N. 
8 JM1N.        JMAX* 
9 XT* 
2   TINY   A(5). 
A   E  S(5)> 
4 FMLZRdOO) t 

COMMON/JHEREST/ 
2 EPY 
3 FMLZT(55I 
h  PY(55). 
5 R4H(55)f ZlH(55)f 
6 U2(55.2)» BI55.4) 

COMMON/AFTERALL/ 

E1N(5). 
TINY bib), 
ALFA(5) . 

10N/JHER 
(55rV^   EPZ(55)t 

• ^^LYI(55)» 

ROTNM. 
SMZTPT. 
WORK.» 
SMASSt 
TMAX» 
UYLBIN» 
UYRTIN* 
KMAX» 
INT(3). 
ZERO(5)t 

10 A(3)* 
ICSV(24 
A(55J» 
FMLYBC 
LY2(55 
R1H(55 

^  Z2H(55 

MOTION» 
SHOMZ• 
SUHIE» 
PROBNO» 
DTNMN» 
UYÖIN» 
UZLTIN» 
JL» 
RH0IN(3 
BETA(b) 
BIO 6(5 
)• 

53)« 
It 
)» 
)» 

JBHINt 
SMOMYI» 
SUMK.E« 
OTNMt 
SFW« 
UYRB1N» 
UZTIN» 
J3» 

).  UY1N( 
»   OCON( 
) »  RCP V 
SAV(I2)f 
0IL(55)» 
FMLYTC55) 
LZ1(55)» 
R2H(55)» 
Z3H(55). 

JBMAX» 
SMYTPT. 
SUMTt. 
CUTOFF. 
DTNMPb, 
UZLBIN. 
UZRTIN. 
JR. 

KBMiN. 
SMOMY. 
FIMPZ. 
N. 
0TNM2. 
UZBIN. 
KTM. 
JRM. 

5).   UZlN(b». 
lit 
S(t>».E ZERU(3). 

FMLYR(iOO) 
EPX(55). 
FMLZB(&5)» 
LZ2(b&». 
R3H(i5). 
IhHibb)* 

A 
I 
2 
3 

5 
6 
7 
6 
9 
A 
1 
2 
4 
b 
6 
7 
8 

UNMY(3St3). 
ENM(33*5) 
PQNMXX(53.5) 
PQNXY(35.5). 

5) 

RX(55»5). 
UNPX(55»5 
EN(53»5). 
PONMXY(55 
PQNYY(55. 
RWAE1Z(55 
ElZ(b5t5) 
A1Y(55.5) 
Mlibbtb) 
F1Y(55.5) 
F1Z(53.5) 
NTPT(55.5 
FMNMY(55» 
AW2(55.5) 
RYM(55,5) 
QlZibbtb) 
P12(55.5) 
PQMX(55.5 

LINCT. 
NEDIT» 

RWAE3Z(33 
E3Z(53*5) 
ETA«»»»») 
A4Y(55.5) 
AAZ(»»»»1 
F4Y(55»5) 
F4£|»»»S) 
FHNMX(35.3) 
AWlt»»»») 
RXM(55*5) 
QUC»»»») 
Pll(»»»»l 
PQX(55»5) 

COMMON I CON * 
2   KCt NDPA. 

ENTRY   NEWU 

L«LXl 
L2-LX2 
L»«tX» 
J'JMIN 
IF( (KC+1).LT,XINT(NREG) ) 
FMSMZ(J»L)»*25*(FMASN(J. 
FMSNZ(J»L2J«0 
FMNX(J»L2)«0 
FMNY(J»L2)«0 
DO  4   J»JL»JR 
FMSNZ(J.L2»«0 
FMNX(J»L2)*0 
FMNY(J»L2)«0 

4 FMSNZ(J»L)».25»(FMASN(J. 
2  FMASNtJ.L»))) 

RY(3».5). 
)• UNPY(55*3). 

PNM(35.3). 
.3)* PQNMYY(3'. .3)* 
3)» RMA3Z(33.'*). 
.3). RH3Z(33»3). 
• RHO(33.3). 
. A2Y(33.3). 
. A2Z(33«3). 
« F2Y(33.3). 
. F2Z(33.3). 
)• FMSNZ(33.3)* 
3). FMNX(33t3). 
. AW3(33.3). 
• RXZ(33»3). 
. 022(33.3). 
• P22(33.3). 
)» VO(33.3) 
LX1. LX2. LX3 
NSIO.        NMASS.   NDMP 

UNMX(33.3). 
FMASNM(33.3). 
PN(33.3). 
PONXX(33.3). 
RWA1Z(33.3). 
RH1Z(33.3 
V0L(33.3) 
A3Y(33.3) 
A3Z(33*3) 
F3Y(33.3) 
F3Z(33.3) 
FMASN(33.3) 
FMNY(33.3 
AM4(33.3) 
RYZ(33.3) 
QX(33.3). 
PX(33.3). 

LXA LX3. 

GO  TO  3 
L)+.5*FMASN(J.L5)J 

L)*FMASN(J-1»L)+.3*(FMASN(J-1.L3)+ 

v-JMAX 
FMSNZIJ.L)-.23»(FMASN(J-1.L)*.3»FMASN(J-1»L3)) 
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FMSNZ(J*L2)«0 
FMNX(JfL2)-0 
FMNYfJ*L2)>0 
INT-1-INT 
GO TO 9 

b IF(INT.EO.O) GO TO 7 
FMSNZ(J.L)*.25»(.5»FMASNiJ.L)+FMASN(J»L5)) 
DO 6 J-JLtJR 

6 FMSNZf J»U«.29*(«M(FHASN(J»U+FMASN(J-l»Ln+FMASN(J-ltL5) + 
2 FMASN(J.L5)) 
J-JMAX 
FMSNZ(JfL)*.25»(#5«FMASN(J-ltL)>FMASN(J-l.L5n 
INW-INT 
60 TO 9 

7 FMSNZ(J»U*«125*(  FMASN( JtL)^FMASN( Jt L5 M 
00 8 J«JLtJR 

6     FMSNZ(JfU«.125»(   FMASN( fL)*FMASN(J-l,L) ♦FMASN(J-1,L5»♦ 
2 FMASN(J.L5)) 
J'JMAX 
FMSNZ( JtL)-.125*(  FMASN( J-l .D^FMASNC J-l .L5 H 

9 TFXX«0. 
TFXY-O. 
DO 400  J*JMlNfJMAX 
IF(JMIN-J)   lOOtlOtlO 

10 CONTINUE 
CUT0N»CUT2*FMSNZ(J»L J 
FMNX(JtL)-0«0 
UNPX(J»L)*0*0 
IF((KC«GE.KBOT>.AND.(KC«LE.KTOP))GO   TO  410 

20 FMOMCH«0TNH»(F2Z(JtL)-»-F3Z(JtL5)+TFXY) 
IF(ABS{FMOMCH)-CUTON)35»3&t30 

30   FHNY(JtL)»FMNMY(JtU+FMOMCH 
GO  TO  40 

39   FMNY( JtU»FMNMY(JfL) 
40 UNPY(J.LJ«FMNY(JfL)/FMSN2(J»L)-UNMY(JfL) 

GO TO  400 
100   IF(J-JMAX)    110.300.300 

110       CONTINUE 
115       CUTON«CUT2*FMSNZIJfL) 

FMOMCH«0TNM*(FlY(J-ltL)*F2YUiL)*F3Y(J»L5)*F4Y(J-ltL&)-»-TFXX) 
IF(ABS(FMOMCH)-CUTON)   125.125.120 

120  FMNX(JtU»FHNMX(J.U+FMOMCH 
GO TO   130 

125   FMNX(J.U-FMNMX(J.L) 
130       FMOMCH-0TNM»lFlZCJ-ltL)*F2Z(JfL)*F3Z<J.L5»*F4Z(J-ltL5)4TFXY) 

1F(ABS(FM0MCH)-CUT0N)   145»145»140 
140   FMNY(JfL)>FMNMY(J»L)-»>FMOMCH 

GO  TO   150 
145   FMNY( J.U«FMNMY( J.U 
150   UNPX(J.L)« FMNX(J.LJ/FMSN2(J»L)-UNMX(J.L» 

UNPY(J.L)« FMNY(JtL)/FMSNZ(J•L)-UNMY(J.L) 
GO  TO  400 

300       CONTINUE 
305       CUTON-CUT2*FHSNZ(J*U 

FMNXIJ»L)«0«0 
FMLYRIKCJ»-  F4YIJ-1.L5»-F1Y(J-1.L)-TFXX 
FMOMCH»DTNM»(FMLZR(ICC)   ♦F4Z( J-1.L5)*F12( J-l.D-^TFXY » 
IF(ABS(FMOMCH)-CUTON)   315.315.310 

310   FMNY(JtU*FMNMY(JtL)+FMOMCH 
GO TO  320 

315   FMNY(J.L)»FMNMY(J.L) 
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320 UNPX(JfL)=0.0 
UNPY(JtL)»    FMNY(JfL)/FMSNZ(J»L)-UNHY(JfL) 

hUO       CONTINUE 
RETURN 

410   FMNY(JfL)«0.0 
UNPY(JtL)«0«0 
GO   TO  ^00 
END 
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SUBROUTINE 
SUBROUTINE 

REOGEN 
R6ENOO 

C 
C- 
C 

COMMON/INDUMP/ 

COMMON/THEREST/ 

2 
3 
k 
5 
6 
7 
a 
9 
2 
A 
k 

( 
2 
3 
k 
5 
6 

A 
I 
2 
3 
4 
5 
6 
7 
8 
9 
A 
1 
2 
4 
5 
6 
7 
8 

KBMAXt      TIME* 
SENERI*   SIETPTt 
FIMPY*     SMASSIf 
KBGT.        KTOP* 
K.B* CUT1» 
UZRBIN*   UYLTIN« 
JMIN. JMAX« 
K.T. EIN(5). 
TINY   A(5).   TINY  B(5). 
E   S(5)* ALFA(5). 
FMLZR(IOO). 

NREG. 
SMOMZI» 
SKETPTt 
SMSTPTt 
MAXN» 
CUT2t 
UYTIN* 
KMIN» 

EPY(55>. 
FMLiT(55). 
PY(55). 
R4H(35)» 
U2(55»2»t 

EPZ(55). 
LYl(5t>)* 
PZ(&5)f 
Z1H(55), 
BI55t4) 

RDTNM* 
SMZTPT» 
WORK» 
SMASS» 
TMAXt 
UYLBIN» 
UYRTIN» 
XMAX» 

INT(5), 
ZERO(5). 

IG  A(5). 
' XSVI24 

A(55)» 
FMLYB( 
LY2(55 
R1H(55 
Z2H(55 

MOTION» 
SMOMZ• 
SUMIE» 
PROBNO» 
DTNMN» 
UYBIN» 
UZLTIN» 
JL» 
RHOINIS 
BETA(5» 
BIG B(5 
)» 

55)» 
)« 
)» 
)• 

JBMIN» 
SMOMYI» 
SUMKE» 
OTNM» 
SFW» 
UYRBIN» 
UZTIN» 
J3» 

)»      UYINI 
»        OCON( 
)»     RCP  V 
SAV(12)» 
0IL(55». 
FMLYT(55) 
LZ1(55). 
R2Hi55)» 
Z3H(55). 

JÖMAX» XBMIN» 
SMYTPT» SMUMY» 
SUMTE» FIMPZ» 
CUTOFF, N» 
DTNMP5» DTNM2» 
UZLBIN. UZBIN» 
UZRTIN» KTM» 
JR» JRM» 
5)»        UZIN(5). 
3)» 
S(5)»E  ZERÜ(b) 

FMLYR(IOO) 
EPX(55). 
FMLZb(5t>). 
LZ2(55). 
R3H(56). 
Z4H(55». 

COMMON/AFTERALL/ ' 

UNMY(55.5 
ENM(5S»5) 
PQNMXX(55 
PQNXY(55.5)» 

5)» RMAE3Z(53 
E3Z(55.5) 
ETA(55»5) 
A4Y(55.5) 
A4Z(35»5) 
F4Y(55»5) 
F4Z(5S»5) 
FMNMX(55»5)» 
AW1(55.5) 
RXM(55»5) 
011(55.51 
Pll(55»5) 
PQX(55»5) 

COMMON        ICON» 
2   XC» NDPA» 

COMMON/S/ 

5) 

2 
3 

5 
6 

S6(55)» 
512(55)» 
516(55)» 
524(55)» 
530(55). 

RX(55»5)» 
UNPX(55.5 
EN(55.5)» 
PONMXY(55 
PONYY(55. 
RMAE1Z(55 
E1Z(55»5) 
A1Y(55»5) 
A1Z(55.5) 
FIY(55»5) 
F1Z(55»5) 
NTPT(55»5 
FMNMY(55» 
AW2(55»5) 
RYM(55.5) 
012(55.5) 
P12(55»5) 
PQMX(55»5 

LINCT» 
NEDIT» 

51(55)» 
57(55)» 

513(55)»     5 
519(55)» 
525(55). 
531(55)» 

RY(55.5). 
» UNPY(55»5 

PNM(55.5) 
5).     PONMYY(55 

5).       RWA3Z(55.5 
5)»     RH3Z(55»5 

RHO(55»5) 
A2Y(55.5) 
A2Z(55»5) 
F2Y(55»5) 
F2Z(55»5) 

• FMSNZ(55.5 
5)» FMNX(55»5 

AW3(55.5) 
RXZ(55»5) 
Q22(55»5) 
P22(55»5) 

» VO(55»5) 
LX1» LX2» 
N5IG» NMASS» 

52(55)» 53(55) 
58(55)» 59(55) 
14(55)» 515(55) 
520(55)» 521(55 
526(55)» 527(55 
532(55)» 533(55 
(55.5).        YAZ(55 

UNMX(55»5). 
• FMASNM(55.5). 

PN(55.5). 
5)»     PÜNXX(55»5). 
)*        RMA1Z(55»5)» 
. RH1Z(55»5). 

VOL(55»5)» 
A3Y(55»5). 
A3Z(55»5). 
F3Y(55»5). 
F3Z(55»5)» 

)»        FMASN(55.5). 
» FMNY(55»5). 

AW4(55»5)» 
RYZ(55»5)» 
QX(55»5). 
PX(55.5). 

LX3< 
NOMP 
» 
» 
» 
)• 
)» 
) 
»5)t 

LX4f 

54(55)» 
510(55)» 

516(55)» 
522(55)» 
528(55)» 

LX5. 

55(55). 
511(55)» 

517(55)» 
523(55)» 
529(55)» 

ZAZ(55.5) COMMON/JXFACE/ UNORMI 
DIMENSION     TX(IOO)»   TY(IOO).   TITLE(9) 
DIMENSION DUMPV(l) 
EQUIVALENCE(NREG.OUMPV(1)) 
EQUI VALENCE(TX(1)»B(1))»(TY(1)»B(101))»(TITLE(1)» B(201)) 
INTEGER    P»   0»  R 

•FORMATS 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

(9A8) 
(6E12.5) 
fl2I6) 
«16»   E12.5) 
(216»   5E12.5 (6E12.5) ) 
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6     FORMAT«3(216fE12.5)) 
51 FORMAT (13H0PROBLEM NUMBER t F7.2) 

32    FORMAT(1H / 
272H  KSV1  K.SV2  KSV3  KSV4  KSV5  tCSV6  KSV7  KSV8  KSV9 KSV10 KS 
3V11 ICSV12/12I6) 

53 FORMAT(1H / 
293H    SAV1 SAV2 SAV3 SAV* 
3         SAV5             SAV6/6E17.9) 

54 FORMATdHl/ 
224H INPUT FOR REGION NUMBER*I3) 

55 FORMAT(1H / 
241H    VZ RHOIN EIN/3E17.9) 

56 FORMAT(1H / 
278H  JBOT  JTOP  KBOT  KTOP  KBUO  MOTION  KFACEl  KFACt2  ltFACt3 
3 ICFACE4  ICFACE5/516t6l8) 

6U    FORMAT(1H / 
225H   UXIN UYIN/2E17.9) 

62    FORMAT(1H / 
2 BH    DTNM/E17.9) 

64 FORMAT(1H / 
218H  MAXN    TIME MAX/16.£17.9) 

65 FORMAT(1H / 
210H    CUTOFF/E17.9) 

70    F0RMAT{14H1    PROBLEM« F7.2.5X6HTIME- E17.9t5X9HDELTA T« El^^// 
BilH // 
2119H    Y Z VOL RHO 
3 ETA E »  J»  X*CYCLE»/ 
4112H    UCN-1/2)         V(N-l/2) ZONE MASS        RH10 
5          RWA10            E10 RWAE10/ 
6112H    MOM Y            MOM Z            PT. MASS        • RH30 
7          RWA30            E30 RWAE30// 
6(30(6E17,9»3H  «tI3»1H».I3t1H»11 5tlH#/2(7E17.9/)/) I IJ 

73 FORMAT (1H0 5X 1HJ 3X 3HAZX 13X 3HA2X 13X 3HAZY 13X 3HA2Y 13X 
1 3HARX 13X 3HALX / 10X 3HA1X 13X 3HA3X 13X 3HA1Y 13X 3HA3Y 
2 13X 3HARY 13X 3HALY /I 

' »74 FORMAT (17. 6Elfe.7 / 7X 6E16.7/) 
75 FORMAT (1HO 9X 6HSENERI 10X 6HSMASSI 10X 6HSMOMYI 10X 6HSM0MZI) 
76 FORMAT (7X 6E16.7) 
77 FORMAT (7HOFOR J« 16* 7H AND K*   I6t 10H THE MASS« E16.7. 6H ERROR) 

78 FORMAT(1H / 
253H    U{LEFT BOTTOM)   U(BOTTOM)        U(RIGHT BOTTOM)/ 
353H    V V V // 
4(3E17,9)) 

79 FORMAT(1H / 
250H    UILEFT TOP)      U(TOP) U(RIGHT TOP)/ 
350H    V                V V // 
4(3E17«9)) 

8U    FORMAT(1H / 
227H  UMAX  KMAX    U(INTERIOR)/ 
327H V // 
4(2I6*E17.9)) 

81    FORMAT(1H / 
222H  JMAX  KMAX    R ZEi^O/ 
331H INITIAL DENSITY/ 
431H ENERGY // 
5(2I6*E17.9)) 

83 FORMAT(1H   / 
232H FMLY(RIGHT) FMLZ(RIGHT)/ 
3 2E17.9/1H1/) 

84 FORMAT(24H0JBMIN JBMAX KBMIN KBMAX/4I6) 
85 FORMAT(1H / 

282 

I 

I 



fr- 

86 

87 

88 

89 

90 

91 

92 

93 

94 
95 

293H    TINY A 
3        VIS) 
459H    EIS) 
5 4E17.9) 
FORMAT(1H / 
2I08H   J      Y J 
3 J       Y 
M5(Ut3X,E17.9) )) 
FORMAT(1H / 

2108H   K       Z K 
3 K      Z 
4(5(Ut3X,E17,9))) 
FORMAT(1H / 

Z2hH     JMIN  JMAX  KMIN  KMAX/^U) 
FORMAT(1H / 

227H  JMAX  KMAX 
3(2I6fE17,9)) 
FORMAT(1H / 

227H  JMAX  KMAX 
3(2I6»E17a9)) 
FORMAT(1H / 
222H  JMAX  KMAX 
3(2l6»E17«9n 
FORMAT(1H / 

231H  JMAX  KMAX 
3(2I6fE17.9)) 
FORMAT(1H / 

230H  JMAX  KMAX 
3(2I6tEl7.9)) 
FORMAT(34H0RSTART 
FORMAT(34H0REDGEN 

TINY 8 BIG A 
E(0)/6E17.9/ 

ALPHA BETA 

Y/ 

1/ 

U(lNTcRlOR)/ 

V(INTERIOR)/ 

R ZERO/ 

INITIAL DENSITY/ 

INITIAL ENERGY/ 

EXECUTE 
EXECUTE 

TIME 
TIME 

IN 
IN 

SECONDS 
SECONDS 

F9.3 
F9.3 

ENTRY REDGEN 
C«***# 

99 

100 

101 

102 
103 

STARTIME-TIMEFU) 
NDPA«0 
NEDIT-0 
READ(5*2)ICON 
IF(ICON»EQ.O) GO TO 99 
CALL RSTART 
NSI6*5 
STARTIME-(T1MEF(X)-STARTIME)/1000. 
WRITE(6t94)STARTIME 
RETURN 
NSI6-1 
NMASS ■ 1 
IF (EOF,5) lOltlOO 
READ (5.1) TITLE 
WRITE(6»01)TITLE 
READ (5.2) PROBNO 
IF (PROBNO.GT.O.)  60 TO 103 
IF (NOMP.EQ.O)     GO TO 102 
END FILE 10 
REWIND 10 
STOP 
WRITE(6.51)PROBNO 
READ(3.3)(KSV(J)tJ*l.l2) 
WRITE (6.52) (KSV(J).J»1.12) 
READ (5*2) (SAV(J)»J*1.6) 
WRITE (6,53) (SAV(J).J«1.6) 
READ(5.5) (JYMlN,JYMAXt(TX(J).J«JYMIN,JYMAX)) 
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WRITE(6#86) U»TX(J)*J«JYMIN*JYMAX) 
REAO(5t3) (iCZMIN>KZHAXt(TY(K.)fK»KZMlNtKZMAXI) 
WRITE(6.87) (K»TY(K)>X«KZMINfKZMAX) 
READ(5.2) UYLBIN*UYbINtUYRBIN»UZLBIN»UZBINtUZRBlN 
WRITE(6»78)UYLBlN»UYBIN.UYRbIN»UZLBlNtUZBlN.UZRöIN 
REA0(5t2)   UYTIN.UYTIN»UYRTIN tUZLTIN.UZTINtUZRTIN 
WRITE(6.79) UYTIN.UYTIN.UYRTIN .UZLTIN.UZTlNtUZRTIN 
READ (5»6) JUMAX»KUMAX»UY1N(1)tJVMAXtKVMAXtUZIN(l) 
WRITE(6»80)JUMAX«KUMAXtUYIN(l)tJVMAX»ICVHAXtUZIN(l) 
READ (3*6) JZMAX*KZMAXtR 2ER0( 1) .JRMAXtKRMAX»RHÜiN( 1) t JEMAXtK.tMAX. 
EIN(1) 

WRITE(6»81)JZHAX*KZMAX»R ZERO(1).JRMAX.KRMAXtRHOIN(1)»JEMAX.KEMAXt 
EIN(I) 
REA0(5»2)SFMLYR.SFMLZR / 
WRITE(6i83)SFMLYR»SFMLZR / 
READ(5.3) JMIN      tJMAX      »ICMIN      tICMAX 
WRITE(6f88)JMlN      tJHAX      »KMlN      fM4AX 
REA0(b»3)JBOTtJT0PtKB0T*KTOP»K.BUG«M0TION*UINT(J)»J-ltÖ) 
WRITE (6. 56) JB0T.JTOP»KB0T.K.TOP.KBUG.MOTION»(KlNT(J).J«l»b) 
READ (5#2) DTNM 
WRITE (6.62) DTNM 
READ (5.2) CUTOFF 
WRITE (6.65) CUTOFF 
READ (5.4) MAXN. TMAX 
WRITE (6.64) MAXNt TMAX 
JL - JMIN+1 
J3-JL+1 
JR « JMAX-l 
JRM«JR-l 
XB « KMIN+1 
XT ■ XMAX-1 
XTM»XT-1 
MAXRE6*KSV(1) 
E1«EIN 
RH01»RHOIN 
V ZERO-l./R ZERO 
DO 10310 NREG*1.MAXREG 
WRITE(6.54)NREG 
REAO(5.2)     TINY A(NREG).       TINY B(NREG).      BIG A(NREG). 

2 BIG B(NREG). RCP V S(NREG).      E ZERO(NREG).       E S(NREG). 
3 ALFA(NREG).  BETA(NREG). UCON(NREG) 
WfUTE(6.85)   TINY A(NREG).       TINY B(NREG).      BIG A(NRtG). 
BIG B(NREG). RCP V S(NREG).      E ZERO(NREG).       E S(NREG). 
WR 

^B 
3 ALFA(NREG).  BETA(NREG). QCON(NREG) 

10310 RCP V S(NREG)=1./RCP V S (NREG) 
IF{XBUG.GT.O) GO TO 10320 
JBMIN«JMAX-»-l 
JBMAX*JMAX-*-l 
XBMIN*XMAX4-1 
XBMAX*XMAX-*-l 
GO  TO   10325 

10320  READ(5.3)   JBMIN.JBMAX.XBMIN.XBMAX 
WRITE(6.8A)J6MIN.JBMAX.XBMIN.KBMAX 

10129   JMX   «   JMAX     S  XMX   *   XMAX     S   CALL   INIT(JMX.XMX) 
NREG»! 
KL«1 
XU*2 
MAXU»   JUMAX+(XUMAX-1)*JMAX 
MAXV«   JVMAX-KKVMAX-D^MAX 
MAXZ»   jZMAX-«-(KZMAX-l)»JMAX 
MAXR«   JRMAX-HKRMAX-DOJMAX 
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MAXE« JEMAX+(KEMAX-1)*JMAX 
P « 3 
0 ■ 1 
R ■ 2 
00 104 J*JMINtJMAX 
RX(JtQ) • TX(J) 
RY(J»0) - TY(1) 
RXZ(J»Q)«RX(JtO) 
RYZ(JtO)«RY<JtO) 
IF(J.NE.JMIN) 60 TO 1030 
UNMX(JfO)*0* 
UNMY(JtQ)-UZLBlN 
GO TO 1035 

1030  IF(J.NE.JMAX) 60 TO 1031 
UNMX(JtQ)*0« 
UNMY(J»0)*UZRBIN 
60 TO 1035 

1U31  UNMXIJtO)»UYBIN 
UNMY(J»0)-UZBIN 

1035  RHO(JtQ)«RHOl 
VO(JtO)*V ZERO 
U2(JtKL)>UNMXCJtO)**.7-fUNMY(JtO)««2 

104  ENM(JtQ)»El 
RHO(JMAX.Q) ■ 0. 
VO(JMAX*0)»0* 
ENM(JMAXtQl ■ 0. 

C 
C MAIN K  LOOP 
C 

00 134 K-KMINtXT 
JK«X»JMAX 
00 107 JBJMINtJMAX 
JKl>JX-»-J 
RX(J.R) ■ TXIJ) 
RY(JfR) ■ TY(K-*-l) 
RXZ(JfR)-RXCJ»R) 
RYZ(JfR)>RY(JfR) 
IFC(JKl.LE.MAXU).OR.(MAXU.LE.O)) 60 TO 1040 
REA0(5*6)  JUMAX*KUMAX*UYIN(1) 
WRlTE(6.89)JUMAXtKUMAX.UYIN(l) 
MAXU»   JUMAX+(KUMAX-1)«JMAX 

1040 IF((JKl»LE.MAXV).OR.(HAXV»LE.O))   60   TO  1041 
REA0(5t6)      JVMAX.KVMAXtUZINd» 
WRITE(6.90)JVMAX.KVMAXfUZIN(II 
MAXV«   JVMAX+(KVMAX-1)*JMAX 

1041 IF((JXl.LE«MAXZ)«OR*(MAXZ*LE*On   60  TO  1042 
READ(5.6)      JZMAX.KZMAX.R   ZERO(l) 
MRITE(6»91)JZMAX»KZMAX»R  ZERO(l) 
V  ZERO-l./R   ZERO 
MAXZ» JZMAX+fKZMAX-l)*JMAX 

1042 IF((JK1.LE.MAXR)«OR.(MAXR.LE.O)) 60 TO 1043 
MRITE(6t92)JRMAX»KRMAX»RH01 
REAO(5»6)  JRMAX.KRMAX.RHOl 
MAXR* JRMAX+(XRMAX-1)*JMAX 

1043 IF((JKl.LE.MAXE),OR.(MAXE.LE.O)) 60 TO 1044 
REA0(5»6)  JEMAX.XEMAX.E1 
WRITE(6.93)JEMAX*KEMAX»El 
MAXE« JEMAX-*-(XEMAX-l)*JMAX 

1044 K1»K-H 
IF ((J.LT«JB0T).0R.(Kl«LT.H.b0T).0R.(J»GT.JT0P)«0R«(M.6T.i;TüP) 

1*0R«(K1«EQ«KMAX)) 60 TO 106 
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fr 
105 

106 

10600 

10601 

10602 

10603 

10606 

10605 
1065 

1070 

107 

108 

GO TO 10601 

10600 

1085 

1091 
1092 

UNHX(JtR) » 0* 
UHMYIJtR) « 0« 
GO TO 1065 
RHO (JtRj • 0* 
V0(J»R)«0* 
ENM (J.R) - 0« 
GO TO 1070 
IF(J*NE»JMIN) 
UNMX(JtR)«0« 
IFCK.NE.KT) GO TO 
UNMY(JtR)«UZLTlN 
GO TO 10605 
UNMY(JfR)«UZIN 
GO TO 10605 
IF(J.NE.JMAX) GO TO 10603 
UNMXIJ»R)«0» 
IF(K.NE.KT) GO TO 10602 
ÜNMY(J«R)*UZRTIN 
GO TO 10605 
UNMYiJtR)«U2lN 
GO TO 10605 
IFdC.NE.KT) GO TO 10606 
UNMX(J«R)«UYTIN 
UNMY(J»R)»UZTIN 
GO TO 10605 
UNMX(J*R)-ÜYIN 
UNMY(JtR)*<UZIN 
IF(K.EQ.ICT) GO TO 105 
CONTINUE 
RHO(JtRl-RHOl 
VO(JfR)»V ZERO 
ENM(J*R)«E1 
IF((K*1».EQ.KINT(NREG))G0 TO 107 
U2( J»KU)«UNMX(J»R)»*2>UNMY(JfR)**2 
CONTINUE 
RHO(JMAX»R) • 0* 
VO(JMAXfR)»0* 
ENM(JMAX.R) • 0» 
DO 110 J«JMINtJR 
YlP2-RX(J-*-l»OKRX(JtO) 
Z12-RY(J4ltQ)-RY(JfO) 
Y2P3-RX(J*0)-*-RX(J»R) 
Z23«RY(JtO)-RY(JtR) 
Y3P6-RX (Jf R URX ( J-fl »R) 
Z36»RY(JtR)-RY(J^ltR) 
Y6Pl-RX(J^liRKRX(J^l*Q) 
Z41«RY(J-»-ltR}-RY(J-»-ltO) 
VOL« J.Q)«JZ12»(YlP2*»2-RX(J-HtQ)»RX(JtQ))*Z23»(Y2P3»*2-RX( J.O)« 
RX ( J#R ) »♦Z36» IY3P6-RX (J .R ) »RX (J-M tR) I ♦Z*!» (Y6P 1**2-RX (J*l tR I» 
RX( J'M»0)n/6* 
FMASNM(J #Q)«RHO(J 10)«VOL(J10) 
IF (FMASNM(J»Q).GT.O.)  GO TO 1091 
KP - K 
WRITE (6.77) Jt KP. FMASNM(J.Q) 
NMASS ■ 2 
PNM(JtO)*0. 
Qll( J.O)»012(J»OI«Q22(JfU)»QX(J.Q)s0. 
IF(IC.N£.KINT(NREG)) GO TO 1095 
YAZ(J*NREG)«SORT((RX(J.O)»»2+RX(J.O)#RX(J+l.0)*RX(J*1.0)*»2)/3.) 
ZAZ ( J tNREG) ■ ((YAZ (JtNREG)-RX (J *Ü))»RY ( J-t-l »0) ♦ (RX ( J-t-1.0)-YAZ (J »NREG 
))♦      RY(J.O))/(RX(J+l.Q)-RX(J.Q)) 
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Tr~ 

UNORM(JtNREG)*UNMY(JfQ) 
U95     PQNMXX(J.Q»»PNM(JfQ»-f011(JtQ) 

PONMXYfJ«0)«012(J*0) 
PQNMYY(JfO)-PNM(JtO)^Q22(J»Q) 
POMXCJtQ)»PNM(JfO)+OX(JtO) 
NTPT(J»0)   ■   1 
SMASSI   *   SMASSi>FMASNM(JtO) 
IF((K+1).EÜ.KINT(NREG))&0   TO   110       I 
IFdC.NE.KlNKNREGM'jO   TO   1099 
SENER 1«SENERI+FMASNM( JtP»»'ENH(J.P) ♦•25» «Ü2 (j4.1,KL»"t-U2( J.^L )»»■»• 

2 FMASNM?J»Q»»(ENM(JtO)+,25»(U2(J'HtKU)^U2(JtKü)n 
60  TO   110 

1099     SENERI«SENERl+FMASNM(J*Q)*(ENM(JtO)+« 125*(U2 (J+ltltU+U2UtKU + 
2    U2(Jf»CU)+U2(J + lfKU))) 

110   CONTINUE 
IF(K.E0.KlNT(NREG))UN0RM(JMAX.NRE6)«UNMY(JMAXtQl 
FMLYR(KJ-SFMLYR 
FMLZR(KI«SFMLZR 
IF(IC.GT.KMIN)G0 TO 115 
FMSN2(JMIN.Q) *«125*FMASNM(JMlNtQI 
FHNMXCJMINtO)«0« 
00 1U J«JL»JR 

112 FMSNZUfO) -•125*(FMASNM(J»0)i>FMASNM(J-ltUn 
113 FMNHX<J.O) - FMSN2<J.Q)*UMMX(JfQ)»2. 

FMNMY(J.O) - FMSNZ(J»0)*UNMY(J»0)*2* 
SM0MY1 ■ SMOMYUFMNMX(J.OJ 

114 SM0M2I ■ SMOMZI+FMNMY(JfQ) 
FMSNZlJMAXtO) »•125*FHASNM(JRtO) 
FHNMXCJMAX»Q)*0« 
GO TO 131 

115 IF((X-H).LT.KlNT(NREGnGO   TO   118 
IF((K+l)«GT«KINT(NREGn   GO   TO   117 
JOMIN 
FMSNZ( JfO)*.25»«FMASNM(J.O^,5«FMASNM(J»PU 
FMNMX(JtO)>0* 
00  116  J«JL»JR 
FMSNZ(J»0»«.25*(FMASNM(J»0»*FMASNM(J-ltOI*.5»CFMASNM(J-l»P»* 

2 FMASNMfJtP))) 
FMNMX(JfOI»FMSNZ(JtQ)*UNMX(JtO)*2. 
FMNMY(J»0)«FMSNZ(JtO)«UNMY(JtO)ft2* 
SMOMYI «SMOMYI+FHNMX ( J tQ» 

116 SMOMZI-SMOMZl+FMNMYtJ.Q) 
J-JMAX 
FMSNZ<J.OJ«.25*<FMASNM(J-1.0)^.5»FMASNM(J-lfPn 
FMNMXIJfO)«0« 
GO TO  131 

117 INW-1NT 
00  11700   J«JMINtJMAX 
FMSNZ(JtQ)>0. 
FMNMX(JtO)«0« 

11700   FMNMY(J»0)«G. 
GO TO 1350 

US   IF(INT.EO.O) GO TO 121 
J-JMIN 
FMSNZ(J»0)».25*(.5*FMASNH(JtQ)4FMASNM(JtP)) 
FNNHXUtO)«0a 

00   119   J«JLtJR 
FMSNZlJ»0)»«25»J.5»(FMASNM(J.äJ*FMASNMJJ-lfO))'»-FMASNM(J-ltP)-»- 

2 FMASNMiJtPM 
FMNMX(JtO)«FMSNZIJtO)*UNMX(J*Q)*2* 
FMHMYCJtQ)-FMSNZ(JfQ)»UNMYIJfO)«2. 
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T~ 

SMOMYI «SMOMYI ♦FMNMX ( J tQ ) 
119        SMOMZI-SMOMZUFMNMYiJtU) 

J-JMAX 
FMNMX(JtO)«0. 
FMSNZ(JtO)■.25*(•5»FMASNM(J-ltQ)♦FMASNM( J-l»P)) 
INT«1-INT 
GO TO 131 

121   FMSNZCJMIN.O) ».125»(FMASNM(JMINtQ)*FMASNM(JMINtP)) 
FMMMXCJMINtQ)*0« 
00 125 J«JL.JR 

123 FMSN2IJ»0)   ■•125»(FMASNMiJtQ)*FMASNM(J-l.U)+FMASNM(J-ltP) 
1 ♦FMASNM(JtP) ) 

124 FMNMXUtO) - FMSNZIJt0)*UNHX(Jt0)*2* 
FHNMY(J.O) • FHSNZU»0)*UNHY(JfQ)*2* 
SMOMYI   «  SMOMYI+FMNMXtJtO) 

123     SMOMZI   •  SMOMZUFMNMY(J»Q) 
FKSNZ(JMAX.Ü)   *.123*(FMASNM(JRtÜ)4FMASNM(JRfP)) 
FMNMX(JMAXfO)*0* 

126      IF   (K.LT.KT)     GO  TO   131 
FMSNZ(JMIN.R)   *.123*FMASNM(JMlNtQ) 
FMNMXtJMIN»R)»0« 
DO   130   J«JLtJR 

126      FMSNZ(J.R)   «.125»(FMASNM(JtQ)+FMASNM(J-ltu)| 
129 FMNMXUtR) «/FMSNZ« JtR)*UNMX(J»R)*2« 

FMNMY(J»R) •/FMSNZ(J.R)»üNMY(JtR)»2. 
SMOMYI   ■  SMOfWl+FMNMXIJfR) 

130 SMOMZI   -  SMOMZI+FMNMYUtR) 
FMSNZ(JMAXtR)   ••123*FMASNM(JRtO) 
FMNMX(JMAXfljl)«0. 
FMNMY(JMINtR)   ■   FMSNZ(JMIN»R)»UNMY(JMIN.R)»2. 
FMNMY(JMAXfR)   ■   FMSNZ(JMAXtR)»UNMY(JMAX.R)»2» 
SMOMY I   •  SMDMYl-fFMNMXUMAXfRltFMNMX« JMINtR I 
SMOMZI   ■  SMOMZUFMNMY(JMAXfR)'*>FMNMY( JMINtR) 

131        FMNMY(JMlNtQ)-FMSNZ(JMlNtO)*UNMY(JMINtU)*2. 
FMNMY(JMAXtO)   «   FMSNZ(JMAX.Q)«UNMY(JMAXtQ)»2. 
SMOMYI   *   SMOMYl+FMNMX(JMAX.Ü)-»-FMNMX(JMIN.U) 
SMOMZI   *   SMOMZl+FMNMY«JMAXtQ)*FMNMY(JMINtU) 

1330 LS«P 
P   ■   0 
Q   -   R 
R   ■   LS 
IF((X+l).eü.XlNT(NR£6))   GO   TO   1331 
KL«KU 
KU*MOD(ICLt2)<*>l 

1331 IF(KtEO«KlNT(NREG)»NREG-NREG+l 
KMOUT • 1 

132  DO 12343 J-JMIN.JMAX 
Sl(J)«RX(JtP) S S2(J)-RY(JtP)     6 S3(J)-UNMX(JtP) 
S4(J)«UNMY(JtP) S S3(J)*FMASNMIJtP) 6 S6(J)*ENM(JtP) 

S7(J)«PNM(JtPI6 S6(J)«PÜNMXX(JtP)S  S9(J)«PUNMXY(JtP) 
S10(J)«PQNMYY(JtP)»  Sll(J)«VOL(JtP)$    S12(J)-RHO(JtP) 
S13( J)*POMXUtP) SSlA(J)«FMNMX(JtP)  tS13 (J) »FMNMY ( JtP ) 
S16(J)*NTPT(JtP) 
S17tJ)«AlY(JtP) SSie(J)«A2Y(JtP)    SS19(J)*A3Y(JtP) 
S20(J)*AAY(JtP) SS21(J)»AlZ(JtP)    SS22(J)«A2Z(JtP) 
S23(J)-A3Z(JtP) 6S2A(J)«A4Z(JtP) 
S23(J)-AW1  (JtP) SS26(J)»AM2  (JtP)  6S27(J)*AW3  (JtP) 
S28(J)«AW4  (JtP) 
S29(J)»RXZ(JtP) SS30(J)>RYZ(JtP) 
S31(J)»V0(JtP) 

12343 CONTINUE 
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133 1335 

1330U 
1330 

CALL MOUT 
IF(KSV(12)*6T«0) 60 TO 
00 1330 I»JMlNtJMAX.30 
JPR1NT-1+29 
1F(JPR1NT.GT. JMAX) JPRINT' 
DO 13300 J«ItJPRINT 
FMSNZ(JtP)-2«*FMSNZ(JfP) 

JMAX 

WRITEI6.70) PROBNO» 

RHO(JtP)» 
UNMY(JtP)* 
RWAElZ(J»P)t 
RWA32(J.P). 

TIME. 
RX(J.P). 
ETACJ.P), 
FMASNM(J.P). 
FMNMX(J.P)» 
E32(J.P). 

VOLCJ*P)t 
UNMXIJtP)» 
ElZ(JfP)t 
RH3Z(JtP)t 
J*ItJPRINT) 

1333 60 TO (13A»140)tKMOUT 
134 CONTINUE 

FMLYR(KMAX)*SFMLYR 
FML2R(KMAX)«SFML2R 
ICMOUT » 2 
P • Q 
DO 1343 J«JMIN»JMAX 

PNM(J.P) ■ 0 
VOL(JtP) ■ 0 

NTPTCJtP) ■ 0 
FMASNMIJtP) - 0 
PQNMXX(J.P)«0 
PONMXYIJtP)*0 

1345  PONMYY(J.PJ»0 
60 TO 132 

140  WRITE(6«75) 
WRITE   (6*76)   SENERI» 
DTNMP5"«5*DTNM 
DTNM2«2.»DTNM 
CüTl«DTNM»CüTOFF 
CUT2-DTNM2»CUTOFF   «2« 
ROTNM-l./DTNM 
STAR TIME-(TIMEF(XJ-STARTIME)/1000. 
MRITE(6t95)STARTIME 
KSV(13)-1 
RETURN 
END 

DTNMt 
RY(JtP)» 
ENM(J»P). 

RM1Z(J»P)» 
FMNMY(J»P)» 

RWAE3Z(JfP)* 

Jt   K»N. 
RMAlZUtP) • 

FMSNZtJtP)» 

. 

SMASSIt   SMOMYIt. SMOMZI 
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r^" 

1U 

12 
19 

20 

• 

SUBROUTINE 
SUBROUTINE 

RSTART 
RSRTOO 

COMMON/1N0UMP/ 
2 
3 
4 
5 
4 
7 
• 
9 
2 
A 
4 

( 
2 
3 
k 
5 
6 

■ 

A 
1 
2 
3 
4 
5 
6 
7 
I 
9 
A 
I 
2 
4 
i 
6 
7 
• 

KBMAXt  TIME» 
SENERI» S1ETPT» 
F1MPY»  SMASSI» 
KBOTt   KTOP» 
KB»    CUT1» 
U2RBIN» UYLTIN» 
JMIN»   JMAX» 
Kit EIN15)» 
TINY Amt TINY B(5)t 
E S(5)»   ALFA(B)» 
FMLZRIIOOI» 

COMMON/THEREST/ 

NRE6» 
SM0M2I» 
SlCETPT» 
SMSTPT» 
MAXN» 
CUT2» 
UYTIN» 
KMIN» 

EPY(55)t 
FML2T(55)» 
PY(55J. 
R4H(55). 
Ü2(»5»2)» 

EPZ(53)» 
LYl(55)t 
P2(55>» 
Z1H(5&)» 
B(55.4> 

ROTNMt  MOTlONt 
SMZTPT» SMOMZ» 
WORK»   SUMIE» 
SMASS»  PROBNO» 
TMAX»   OTNMN» 
UYLBIN» UYBIN» 
UYRTIN» UZLTIN» 
KMAX»   JL» 

KlNT(5)t  RH0INC5 
R ZER0(5)»BETA(») 
BIG AC»)» BIG HHi 

KSV(24»t 
Mfflf 
FMLYB(55)f 
LY2(55)» 
R1H(55J# 
Z2H(55)f 

■ 

JBNIN»  JBMAX»  KBM1N» 
SMOMYI» SMYTPT» SMUMY» 
SUMKE»  SUMTt»  FIMPZ» 
DTNM»   CUTOFF» N» 
SFW»   DTNMP5» 0TNM2» 
UYRBIN» UZLMIN» UZblN. 
UZTIN»  UZRTINt KTM» 
J3»    JR»    JRM» 

)»  ÜYIN(5)»   UZINCSU 
»   QC0NI5)» 
)» RCP V S(5)tE ZERO(b)t 
SAV(12)»     FMLYR(IOO) 
0IL(99)»    EPX(S»)» 
FMLYT(55).   FMLZB(55)» 
LZ1(55)»    LZ2(55)» 
R2H(55)»     R3H(55). 
Z3H(»9)»    Z4H(&5). 

COMMON/AFTERALL/ 

üNNY(55t5 
ENH(55»5) 
PONMXX(95 
PONXY(53.5)» 
RWAE3Z(55 
E3Z(»»»») 
ETAI3»»9) 
A4Y(55»5» 
A4Z(55»5> 
F4Y(5J.5) 
F4Z(55»5» 
FMNMX(S5»5). 
AW1(55»5) 
RXM(»»»») 
OIK»»»») 
Pll(»»»») 
P0XI5»»») 

COMMON   ICON» 
2 KC»    NOPA» 
COMMON/S/ 

»)• 

RXI»»»»)» 
»  UNPXC»»»»)» 

ENf»»»»)» 
»)» POMMXY<»»»»)» 

PONYY(»»•$)» 
RWAElZf»»»»)» 
EIZ(»»»»)» 
A1Y(»»»»)» 
A1Z(»»»»)» 
F1YI»»»9|» 
F1Z<»»»»)» 
NTPT(»»»9)» 
FMNMY(»»•»)» 
AW2C»»»»)» 
RYMl»»»»)» 
Q12(»»»»)» 
P12(»»»»)» 
POMXf»»»»)» 

LINCT» LX1» 
NEOITs NSIG< 

2 
3 
4 
9 
4 

S4(»»)» 
S12(»»)» 
S1B(»»)» 
S24(9»)» 
»90(9»)» 

Sll»»)» 
S7(99). 

S13(99). 
S19(»»)» 
S29(»»)» 
S31(99)t 

S2(99)» 
St(9»)» 

S14(99)» 
S20(99)» 
S24(99)» 
532(59»» 

RY(99»»)» 
UNPY(»»»») 
PNM(99f9)» 
PONMYY(99» 
RWA3Z(»»»» 
RH3Z(9»»5) 
RHO(»»t»)» 
A2Y(»»t»)» 
A2Z(»»»»)» 
F2Y(55»5). 
F2Z(»»»»)» 
FMSNZi»»»» 
FMNXi»»»») 
AW3(55f5). 
RXZ(5»»»)» 
022(»»»»)» 
P22(99»»)» 
V0(95»9) 

LX2t 
NMASS» 
53(9») 
S9(»») 
515(55) 
S21(55 
S27(55 
533(55 

UNMX(55»»)» 
»   FMASNM(59»9)» 

PN(59»9) 
9)» PQNXX(55 
)» RMA1Z(55 
»   RH1Z(95»! 

VOL(55»5 
A3Y(95»5 
A3Z(99»5 
F3Y(55»9 
F3Z(99»9 

)» FMASN(55 
»   FMNY(99»9)» 

AM4(59»9i 
RYZ(55»5 
QX(99»9) 
PX(99»9) 

9)» 
9)» 
)• 
» 
» 
» 
» 
» 
9)» 

LX3»   LX4» 
NDMP 
»  S4(55)f 
»  510(99)» 
»  514(59)» 
)• 522(99)» 
)» 521(99)» 
) 

LX9» 

59(55)» 
511(95)» 
517(59)» 
523(55)» 
529(99)» 

DIMENSION OUMPV(l) 
SOUIVALENCE(NREG» DUMPV(1)) 

ENTRY RSTART 

00 40 XKal»ICON 
REA0(9) (0UMPV(J)»J"1»400) 
IF(I0CHECX»9)12»12 
IF(XK.0E,IC0N)G0 TO 29 
00 20 K>KMIN»KMAX 
REA0(9) OUMPV(l) 
IF(I0CHECX»9)20»20 
CONTINUE 
60 TO 40 
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25 JMX»JMAX 
ICMX«ICMAX 
CALL   INITIJMXtKMX) 

3Ü   00   45   K«KMIN»K^AX 
READ(9)      ( FXM(Jfl)» RYMUtDt 

2 UNMX(Jtl)f        >JNMY(Jfl)t FMASNH(Jtl)» tNMiJtl». 
3 PNMtJfDt PQNMXX(Jtl)« PONHXYUtD» PQNMYV(J»i). 
4 VOL(J.l). RHO(Jtl)» POMX(J.l)» 
5 FMNMX(J.l)t     FMNMYUtlJ. 
6 NTPKJ.Dt 
7 AlY(J.l). A2YiJ»l)t A3Y(Jtl)t A4Y(J.l)t 
8 AU(Jfl). A22(Jfl)» A32(J.l)t A42(J.l)t 
9 AMI     (J.Dt     AW2      (Jtl). AW3      (Jtl). AW4      IJ.l), 
A   RXZU.Dt              RYZ(Jtl).                  VO(Jtllt                J-JM1N.JMAX) 

IF(KK.LT.ICON)   GO   TO   45 
39   00   12345   J-JHINiJHAX 

Sl(J)*RXMIJtl) $S2(J)»RYM(Jfl) $S3U)=UNMX(J.l) 
S4(J)«UNMY(J•1)$55(J)«FMASNM(J11)SS6(J)«ENM(Jtl) 
S7(J)«PNM(J»1)S     S8(J)-PQNMXX(J.1)$  S9(J ) »PQNMXY(J11) 
S10(J)»PQNMYY(J.1)$ Sll(J)"VOL(Jtl)S    S12(J)"RH0(J»1) 
S13(J)«P0MX(J.l) fS14U)«FMHMX(J.l)  SS15 (J ) »FMNMY ( J 11) 
S16(J)«NTPT(Jfl) 
S17(J)«A1Y(J.1) SSl8(J)«A2Y(Jtl) /   SS19(J)«A3Y(Jt1) 
S20(J)«A4Y(Jtl) $S21(J)-A1Z(J»1)    SS22(J)«A2Z(J*1) 
S23(J)«A3Z(J.l) SS24(J)»A4Z(J.l) 
S25(J)«AW1  (Jtl)       SS26(J)*AW2  (Jtl)  SS27(J)»AW3  (Jtl) 
S28(J)«AW4  (Jtl) 
S29(J)*RXZ(Jtl) $S30(J)«RYZ(Jtl) 
S31(J)"V0(Jtl) 

12345 CONTINUE 
CALL MOUT 

45 CONTINUE 
60 CONTINUE 

REWIND 9 , 
READ(5t4) / 
READ(3tl)(KSV(J)tJ*ltl2)        ' 
READ(5t2)(SAV(J)tJ»lt6) 
REAO(5t3)MAXNtTMAX»DTNMNtPROBNN 

63 IF(PROBNN)70t70t64 
64 PROBNO-PROBNN 
70    WRITE(6t53)ICONtPROBNOtTIMEtN 

WRlTE(6t4) 
WRITE (6t50)(KSV(J)fJ*l»12) 
WRITE (6t51)(SAV(J)tJ»lt6) 
WRiTE(6t52)MAXNtTHAXtOTNMNtPROBNN 
RETURN / 

1 FORMAT(1216) / 
2 FORMAT(6E12»5) 

3 FORMAT(l6t5E12t5) 
4 FORMAT(72H 

1 »      / 
50 FORMAT(1H / 

272H  XSV1  KSV2  i;SV3  ICSV4  KSV5  ICSV6  ltSV7  KSVb  ICSV9 I^SVIO Kb 
3V11 KSV12/ / 
4(1216)) / 

51 FORMAT(IH / 
293H    SAV1 /   SAV2 SAV3 SAV4 
3        SAV5      /     SAV6/ 
4(6E17.9)) 

52 FORMAT(IH / 
250H  MAXN    TMAX DTNMN PROBNN/ 
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3 I6t3EX7.9/) 
A3   FORMAT 122H1THIS IS A RfcSTART RUN/ 

240H  DUMP   PROBLEM   TIME ' 
3I6fF11.2.E17.9,I6) 
END 

CYCLE/ 
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SUBROUTINE 
SUBROUTINE 

STRAIN 
STRNOO 

COMMON/INOUHP/ 
2 
3 

5 
6 
7 
a 
9 
2 
A 
h 

2 
3 

5 
6 

KBMAX»  TIME* 
SENERIt SItTPTt 
FIMPY.  SMASSI* 
KBOTt   KTOP. 
KBt     CUT1* 
UZRBIN* UYLTIN* 
JMIN*   JMAX* 
KT*        EIN(5)» 
TINY A(5)t TINY B(5l. 
E 5(5)*    ALFA(3)* 
FMLZR(IOO)» 
COMMON/THEREST/ 

NREG» 
SMOMZI» 
SKtTPT» 
SMSTPTt 
MAXNt 
CUT2* 
UYTIN* 
KMIN* 

EPY(55}, 
FML2T(55)* 
PY(55). 
R4H(55). 
U2(55f2). 

EPZ(53)» 
LYl(55)t 
PZ(55)t 
ZlH(33)t 
6(55.4) 

RDTNM. 
SMZTPT. 
WORK» 
SMASS» 
TMAX* 
UYLBIN* 
UYRTIN» 
KM AX» 
INT(5)» 
ZERO(5)» 
IG A(5). 

KSV(24 
A(55)» 
FMLYB( 
LY2(55 
R1H(55 
Z2H(55 

MOTION» 
SMOMZ• 
SUMIE* 
PROBNU» 
DTNMN» 
UYBIN» 
UZLTIN» 
JLt 
RHOIN(5 
BETA(5) 
BIG 6(5 
)• 

55)» 
)• 
)» 
)• 

JBMIN» 
SMOMYI» 
SUMKb» 
OTNM» 
SFW» 
UYRBIN» 
UZTIN* 
J3» 

If UYIN 
• OCON 
)» RCP 
SAV(12)» 
DIL(55)» 
FMLYT(55 
LZ1(55)» 
R2H(55)» 
Z3H(55)» 

JBMAX* 
SMYTPTt 
SUMTt. 
CUTOFF. 
OTNMP5. 
UZLblN. 
UZRTIN. 
JR» 

KBM1N. 
SMUMY. 
F1MPZ» 
N. 
OTNM2» 
UZ6IN» 
KTM» 
JRM» 

(5)»   UZIN(5)» 
(5). 
V S(5).E ZERO(5)t 

FMLYR(.00) 
EPX(55). 

)•   FMLZB(55)» 
LZ2(55). 
R3H(55)» 
Z4H(55». 

COMMON/AFTERALL/ 
A 
1 UNMY(55.5). 
2 ENM(55.5). 
3 PQMMXX(55»5)» 
4 PQNXY(55»5)» 
5 RWAE3Z(55.5). 
6 £3Z(55»5 
7 ETA(55.5 
8 A4Y(55.5)» 
9 A4Z(55.5). 
A F4Y(55»5). 
1 F4Z(55.5)» 
2 FMNMX(55»5)» 
4 AW1(55»5)» 
5 RXM(55»5). 
6 QU(55.5 
7 Pll(55»5 
8 POX(55»5 
COMMON 

2 KC. 
REAL 

. 
CON. 

NORA. 
LY1. 

RX(55»5). RY(55.5)» 
UNPX(55.5). UNPY(55»5)» 
EN(55.5). PNM(55,5)» 
PONMXY(55»5). PONMYY(55.5). 
PQNYY(55»5). RWA3Z(55.5)» 
RWAE1Z(55»5)» RH3Z(55.5)» 
E1Z(55»5)» RHO(55.5). 
A1Y(55.5). A2Y(55.5)» 
A1Z(55.5). A2Z(55.5). 
F1Y(55.5). F2Y(55.5). 
F1Z(55.5)» F2Z(55.5). 
NTPT(55.5). FMSNZ(55.5). 
FMNMY(55.5). FMNX(55.5)» 
AW2(55»5)» AW3(55»5)» 
RYM(55»5)» RXZ(55.5). 
012(55.5). 022(55.5). 
P12(55.5). P22(55.5). 
POMX(55»5)» VO(55.5) 

LINCT.  LX1.    LX2.    LX3t 
NEOIT.  NSIG.   NMASS. NOMP 

LY2» 

UNMX(55.5)» 
FMASNM(55.5). 
PN(55.5). 
PQNXX(55»5)» 
RtoAlZ(55.5). 
RH1Z(55»5)» 
VOL(55.5). 
A3Y(55.5). 
A3Z(55.5). 
F3Y(55.5). 
F3Z(55.5). 
FMASN(55.5). 
FMNY(55.5). 
AW4(55*5). 
RYZ(55.5). 
OX(55.5)» 
PX(55.5). 

LX4. LX5. 

LZ1. LZ2 

C#«»*» 

ENTRY STRAINP2 

L-LX3 
L2-LX4 
GO TO 4 

ENTRY STRAINP 
I 

L*LX2 
L2»LX3 
GO TO 4 

ENTRY STRAIN 

L-LX1 
L2-LX2 
1F(((KC*1).G£.KINT(NREG) 
00   3   J-JMIN.JMAX 

).ANO»((KC-2)*LT*(KINT(NRE6))))GÜ   TO   4 
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s 

00  TO   (4flf2)*MOTION 
1 IFUC.EQ.l   )  GO  TO  2 

FMASNUtL    )»FHASNM(JtL   ) 
2 RX(JtL2)«RXM(JtL2)+UNMX(JtL2)»DTNM 
3 RY(J,L2»«RYM(J.L2)+UNMY(J.L2)»DTNM 
k            00  200 J-JMINtJR 

IF{(MOT10N.tU.n«AND.(N.GT.l) )RETURN 
IFlMOTION.NE.l)   GO  TO  3 
R1H(J)«2.*RX(J»L) 
Z1H(J)«2.*RY(JtL) 
R2H(J)«RX(J+1»L)»2. 
Z2H( J)«RY(J-t-l»L)*2. 
R3H(J)»RX(J4l»L2)«2. 
Z3H( J)>RY(J-t-l«L2)*2* 
R4H( J)«RX(J»L2)*2« 
Z4H( J)»RY( JfL2)*2« 
GO  TO 6 

5 R1H(J)»RX(JtL)+RXH(JtL) 
Z1H(J)-RY(JtL)^RYM(JtL) 
R2H( J)«RX( J^1*L)-«>RXM( J-»-ltL) 
Z2H( J)»RY( J-HtD+RYMCJ+ltL) 
R3H ( J) «RX ( J^l •L2 )-i-RXHC J-t-l »LZ) 
Z3H(J)«RY(J+ltL2)+RYM(J+l.L2» 
K4H(J)»RX( J.L2)+RXM(J.L2) 
Z4H( J)«RY(JfL2)-»-RYM(JtL2) 
A41M»RXM(JtL)»RYM(J»L2)-RXM(J.L2)*RYM(JfL) 
A12M»RXM( J-H.L)»RYM(J,L)-RXM( J»L)»RYM(J+ltL) 
A23H»RXM(J+l«L2)*RYM(J+ltL)-RXH(J+ltL)*RYM(J+l»L2) 
A34M-RXMCJtL2I»RYM(J+l»L2)-RXM(J+l.L2)*RYM(J.L2) 

6 R41H»R4H(J)+R1H(J) 
R12H«R1H( J)-t-R2H(J) 
R23H«R2H|J)+R3H( J) 
R34H«R3H( J)+R4H(J) 
A41«RX(JtL)*RY( J»L2)-RX{ J.L2)»RY(J»L) 
Al2*RX(J-»-ltL)*RY(J.L)-RX( J»L)»RY(J+ltL) 
A23«RX(J*ltL2)»RYCJ-H»L)-RX(J+l»L)»RY(J+ltL2) 
A34»RX(J«L2)*RY(J+ltL2)-RX(J+lfL2)»RY(J»L2) 
IF(MOTION.NE.l)   GO  TO  7 
A41H»2**A41 
AI2H«2.*AI2 
A23H«2.*A23 
A34H«2.*A34 
GO   TO  8 

7 A41H«A41 + A41M 
A12H»A12-»-A12H 
A23H«A23^A23H 
A34H«A34-*-A34H 

8 A1Y(J»L»»C (Z4H( J)»R41H-Z2H(J)»R12H)»,5+A41H-»-A12M)/(-12«) 
AlZ(J«L)»(R2H(J)«R12H-R4H(J)*R41H|/(-24») 
A2Y( JtL)»( (ZlH(J)»R12H-Z3HU)»R23H)».5+A12H-t-A23H)/(-12«» 
A2Z(J.L)«(R3H(J)»R23H-RlH(J)»R12H)/<-24.» 
A3Y(JtL)«((Z2H(J)•R23H-Z4H(J)♦R34HI*.5+A23H+A34H)/(-12.) 
A3Z(J»L)«(R4H(J)*R34H-R2 HlJ)♦R23H)/(-24.) 
A4Y(J»L)«((Z3H(J)»R34H-'lH(J)»R4lH)».5+A34H+A41«)/i-12.) 
A4Z(J»LI«(RlH(J)*R4lH-R3H(J)*R34H)/(-24.) 
GO TO (200»9»9)»MOTION , 

9 CONTINUE 
C0MPY«AIY{J»L)»UNMX(J»L}*A2Y(J»L)»UNMX(J+1»L)*A3Y(J»L)» 

1 UNMX ( J-»-1» L2 ) ♦A4Y ( J » L) »UNMX ( J • L2) 
C0MPZ«A1Z(J»L)»UNMY( J»L)-fA2Zt J»L)»UNMY(J'H»L)*A3Z( J»L)« 

2 UNMY(J+1.L2»+A4Z<J»L)»UNMY(J.L2) 
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VOL(Jt L)>VOL(J tL)+DTNM*(COMPY+COMPZ) 
DIL(J)»VOL(JtL)/(FMASN(J.L)*VO(J,L))-l. 
RHO(JtLJ=FMASN(JfL)/VOL(JfL) 
RA32*RXZ(J+liL2l-RX2(J+l»L) 
ZA32-RYZ (J-t-l tL2 )-RYZ (J-M »L) 
RB12*RXZ(J*L)-RXZ(J>1*L) 
ZB12«RYZ(J»L)-RYZ(J>lfL) 
RPA32*RX(J-t>ltL2)-RX(J4-ltL) 
ZPA32«RY|J+lfL2)-RY(J*ltL) 
RPB12«RX(J»L)-RX(J-<'1»L) 
ZPB12«RY(J»L)-RY(J-H.L) 
RA14»RXZ(JtL)-RXZ(JfL2) 
ZA14"RYZ(J»L)-RYZ(JfL2) 
RB34«RXZ(J-t-l »L2)-RXZ (J • L2) 
ZB34»-RYZ(J-»-l»L2)-RYZ(JtL2) 
RPA14-RX(JtL)-RX( JtL2) 
ZPA14-RY(J t L »-RY(J t L2) 
RPB34*RX(J-t-l»L2)-RX(JfL2) 
ZPB3MRY(J-»-lfL2)-RY(J»L2) 
AAB3l«l./(RA32»ZB12-RBlt'*2A32) 
AAB13*l«/iRA14»ZB34-RB34*ZA14) 
AAB24-1./(RB12*ZA14-RA14*ZB12) 
AAB42-l«/(RB34*ZA32-RA32ftZB34) 
A22»,25»(AAB31»(ZB12»RPA32-ZA32*RPB12)^AAB13»(ZÖ34*RPA14-ZA14* 

1 RPB34)-fAAB24*(ZAl4»RPB12>ZB12*RPA14)4-AAB42*(ZA32*RPB34- 
2 ZB34*RPA32n 

A23A«.25*(AAB31«(RA32*RPB12-RB12*RPA32)-AAB13*(RB34*RPA14-RA14* 
1 RPB34)-AAB24«(RA14»RPbl2-RB12»RPA14)-AAB4?»(RA32»RPB34- 
2 RB34*RPA32)) 

A32».25^(AAB31»(ZB12*ZPA32-ZA32»ZPB12)+AAB13*(ZB34*ZPA14-ZA14* 
1 ZPB34)+AAB24»(ZA14*ZPÖ12-ZB12»ZPA14)+AAB42»(ZA32*ZPB34- 
2 ZB34*ZPA32)} 

A33».25*(AAB31*(RA32»ZPbl2-RB12»ZPA32)-AAB13»(RB34»ZPA14-RAi4* 
1 ZPB34)-AA824*(RAl4»ZPbl2-R812*ZPA14)-AAB42«(RA32»ZPB34- 
2 RB34*ZPA32)) 

T22«A22»#2*A32**2 
T23«A22«A23A4.A32*A33 
T33«A23A»»2+A33»*2 
IF(T23.EO.O.)GO  TO  50 

10 ROOT«SQRT((T22-T33)»»2+4.»T23**2) 
TERM»       a22^T33) 
El        «SQRTUSMTERM+ROOT)) 
E2       «SORT(.5*(TERM-ROOT)I 
ROOTl«SORT(T23»»2*(T22-El*/»2)*»2) 
RROOTl«l./ROOTl 
LY1(JI«T23»RR00T1 
LY2(J>«(T22-El»»2)»RROüTl 
ROOT2-SORT < T23»»2^(T22-E2«*2)»*2) 
RROOT2«l./ROOT2 
LZl(J)«T23*RROOT2 
LZ2(J)■(T22-E2*»2)•RROOT2 
IF(ABS(LY1(J)).LT.ABS(LZ1(J)))GO   TO  30 
IF(LY1(J).GT.0)   GO   TO   20 
LYK J)«-LY1( J) 
LY2(J)»-LY2(J) 

20 IF(LZ2(J))21f21*100 
21 LZ1(J)*-LZ1(J) 

LZ2(J)*-LZ2(J) 
GO  TO   100 

30 IF(LZ1(J)«GT«0)   GO   TO   40 
LZ1(J)»-LZ1(J) 
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LZ2(J)«-LZ2(J) 
^0    1F(LY2(J).GT.O) GO TO 45 

LYHJ)«-LY1IJ» 
LY2(JI»-LY2U) 

45    MS»LY1(J) 
LY1(J}«LZ1(J) 
LZ1(J)«WS 
MS«LY2fJ) 
LY2(J)«LZ2iJ) 
l.Z2(J)»WS 
GO TO 100 

5U    El   ■S0RT(T22) 
LY1(J)-1* 
LY2(J)«0. 
E2   -SORT(T33) 
LZ1(J)>0. 
LZ2(J)-1. 

100   E3»V0L<JtL>/(FMASN(JfL)*V0(JtL)»El«E2) 
EPY(J)«E1-1. 
EPZ(JI«E2-1* 
EPX(J)»E3-1* 

200  CONTINUE 
RETURN 
END 
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1 

SUBROUTINE 
SUBROUTINE 

STRESS 
STRSQO 

2 
3 
k 
b 
6 
7 
8 
9 
2 
A 
4 

2 
3 

5 
6 

A 
1 
2 
3 
h 
5 
6 
7 
e 
9 
A 
1 
2 

5 
6 
7 
8 

COMMON/INDUMP/ 
KBMAXt  TIME. 
SENERIt SIETPTi 
FIMPYt  SMASSI» 
KBOT*   KTÜP. 
KB.     CUT It 
UZRBINt UYLTIN« 
JMIN.   JMAX. 
KT.        EIN(5)t 
TINY A(5). TINY 8(&) 
E S(i)).    ALFA(5). 
FMLZR(IOO)» 

COMMON/THEREST/ 

NRtG. 
SMOMZI. 
SICETPT. 
SMSTPT» 
MAXNt 
CUT2t 
UYTIN. 
KMIN. 

Kl 
R 
öl 

EPY(55). 
FML2T(55). 
PYC55). 
R4H(55), 
U2(55f2). 

£P2(55). 
LY1(55). 
P2(65). 
Z1HI35). 
B(55.4) 

ROTNM. 
SMZTPT. 
WORK. 
SMASS. 
TMAXt 
UYLB1N. 
UYRTIN. 
KM AX» 
NT(5), 
ZEROmt 
6 A(5)» 

K.SV(24 
A(55), 
FMLYBf 
LY2(55 
R1H(55 
22H(55 

MOTION 
SMOMZt 
SUMIE. 
PROBNO 
DTNMNt 
UYBINt 
UZLTIN 
JL. 
RHOIN( 
BETA(3 
BIG B( 
)• 

M)« 
)t 
). 
)• 

JBMlNf 
SMOMYlt 
SUMKE. 
DTNM. 
JFW. 
UYRBIN» 
UZTIN. 
J3t 

5).  UY1N 
If   OCON 
3)*  RCP 
SAV(12). 
0IL155)» 
FMLYT(55 
LZHbi)* 
R2H(53)f 
Z3H(55). 

JBMAXt 
SMYTPT» 
SUMTEt 
CUTOFF. 
DTNMPÖ. 
UZLblN. 
UZRTIN. 
JR. 

KBMIN. 
SMUHY. 
FIMPZ. 
N. 
DTNM2* 
UZttlN. 
XTM. 
JRM. 

(5).   UZIN(3). 
13)* 
V S(3).E ZERÜO) 

FMUYRUGO) 
EPXI33). 

).   FMtZ6(33). 
LZ2(33). 
R3H(33). 
Z4H(33). 

COMMON/AFTERALL/ 

UNMY(33.3 
ENN(55.5) 
PQNMXX(55 

RX(33.5). 
•   UNPX(33.3) 

EN(33.5)f 
3). PQNMXY(33. 

PONYY(33.3 
RWAE1Z(33. 
E1Z(33.3). 
A1Y(33.3). 
A1Z(33.3). 
F1Y(35»3). 
F1Z(33»3). 
NTPT(35.3) 
FMNMY(33.3 
AW2(33.3). 
RYM(33.3). 
012(33.3). 
P12(33.3). 
PQMX(35.3) 

LINCT. 
NEOIT. 

LY2. 

PQNXY(55.3). 
RMAE3Z(33.3). 
E3Z(33.3) 
ETAIfftfl 
A4Y(33.3) 
A4Z(53f3) 
F4Y(35f3) 
F4Z(33t3) 
FMNMX(55.3). 
AM1(33.3) 
RXM(35.5J 

Pll(33»3) 
PQX(55.5) 

COMMON   ICON. 
2 KC.     NOPA. 
REAL      LY1. 
EQUIVALENCE(LAMMA(1).TINY 
DIMENSION LAMMAm. EMU(3 

RY(55.5I. 
»    UNPY(33t3 

PNM(33.3) 
3).  POMMYY(55.5) 
).   RWA3Z(35t5). 
5).  RH3Z(55.5 

RHO(35.3) 
A2Y(55.5» 
A2Z(33.3) 
F2Y(53.5) 
F2Z(33.3) 

.    FMSNZ(33.3). 
)•   FMNX(53t5 

AW3(35.3) 
RXZ<55.5) 
022(35.3) 
P22(33.3) 

t    VO(33.3) 
LX1.    LX2.    LX3i 
NSIG*   NMASS. NDMP 

LZlt     LZ2. 

UNMX(33.3). 
FMASNM(33t3). 
PN(53.3). 
PONXX(33f3). 
RWA1Z(33.3). 
RH1Z(33.3). 
VOL(33.3). 
A3Y(33.3)» 
A3Z(33.3). 
F3Y(33.3). 
F3Z(33.3). 
FMASN(33.3). 
FMNY(33.3). 
AW4(53.3)t 
RYZ(33.3). 
0X(33.3). 
PX(33.3). 

LX4.    LX3. 

LAMMA.    LAND IL 
A(1)).(EMU(1).TINY B(l)) 

:•••** 

ENTRY STRESSP2 

L-LX3 
L2«LX4 
60 TO 1 

t 

ENTRY   STRESSP 

L-LX2 
L2«LX3 
60  TO   1 

ENTRY   STRESS 

L«LX1 
L2«LX2 
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60 TO 1 
1    EMU2*-2«*EMU1NRE6) 

DO 41 J>JMINtJR 
ETA(JtLI«RHO(J*U*V0IJtU 
LAM0IL-LAMMA(NRE6)*DILU) 
PY(J)«EMU2*EPY(J)-LAM0IL 
PZ(J)>EMU2*EPZ(J)-LAMOIL 
PXIJfL)"EMU2*EPX(J)-LAMUlL 
PlIIJtLI«LYllJ)»«2*PYlJI-*'LZl(J)**2*PZ(J) 
P12(JtL)«LYl(J)»LY2(J)»PY(J)+L21(J)»L22(J)*P2(J) 
P22UtU«LY2IJ)»»2*PYCJH-L22IJ)««2«P2(J» 
Qll(JtL)-Q12(J»L}-022(JtL)>OX(JiL)*0. 

41   CONTINUE 
IFfUC4-l)*EQ«XlNT(NRE6M RETURN 

60   CALL FORCES 
CALL ENERGY 
RETURN 
END 
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